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PREFACE 


THE EDITOR. 


—<——— ————————————— 


In presenting to the Public a new and en- 


_ larged edition of Ferguson’s Astronomy, the 


‘Editor has been particularly solicitous to col- 


lect all the discoveries in the science which 
have been made during the last thirty years, 
and to present them in that simple and un- 
assuming form which is suitable to the popu- _ 
lar nature of the original work. These dis- 
coveries, which are contained in Twelve sup- 
plementary Chapters, relate chiefly to the 


physical constitution of the Old and New Pla- 


nets of the Solar System, and to the various 
and wonderful phenomena which are display- 


- ed in the region of the Fixed Stars. 


In accomplishing this task, the Editor can 
claim no other merit but that of having 


viii : PREFACE. 


brought together a number of curious facts, 


which had not hitherto been collected,, and | 


many of which have never appeared in any 
English work. On some occasions, indeed, 


he has ventured to direct the attention of the 


reader to theories and speculations.of his own ; 


but he wishes these to be considered merely 


as attempts to account for some of the most 
curious and. unexplained phenomena of As- 
tronomy; and he. hopes that they will be 
-yead with candour, till better theories. shall 
have arisen in the progress of astronomical 
discovery. 


} 


EpinpurcH, March 1, 1811.. 
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CHAP. I. | + 


OF ASTRONOMY IN GENERAL. 


¢ 


i. Of all the sciences cultivated by mankind, crap. 
astronomy is acknowledged to be, and undoubt- |. 
edly is, the most sublime, the most interesting, 7. Vener- 
and the most useful; for, by knowledge derived al use of, 
from this science, not only the bulk of the earth 7°" 
is discovered, the situation and extent of the coun- 
tries and kingdoms upon it ascertained, trade and 
commerce carried on to the remotest parts of the 
world, and the various products of several coun- 
tries distributed for the health, comfort, and con- 
veniency of its inhabitants; but our very facul- 
ties are enlarged with the grandeur of the ideas it 
conveys, our'minds exalted above the low con- 
tracted prejudices of the vulgar, and our under- 
- standings clearly convinced, and affected with the 

conviction of the existence, wisdom, power, good- 

Pale hi. 7 fe we 
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Naeem md 
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‘The earth 
but a point 
as seen from 
the sun. 


ness, ey and superintendency of the 


Supreme Being! So that without an hyperbole, | 


An undevout astronomer is mad. ® 


. From this branch of knowledge we also 
oe by what means or laws the Almighty carries 
on, and continues, the wonderful harmony, order, 
and connection observable thtoughout the planet- 
ary system ; and are led by very powerful argu- 
ments to form this pleasing deduction, that minds 
capable of such deep researches, not only derive 
their origin from that Adorable Being, but are al- 
so incited to aspire after a:more perfect know- 
ledge of his nature, and.a_stricter Sori aay to 
his will. 

3. By astronomy we doce that the earth is 
at so great a distance from the sun, that if seen 
from thence it would appear no bigger than a 


point ; although its circumference is known to — 


be 25,020 miles: yet that distance is so small, 
compared with the earth’s distance from the ae 


stars, that if the orbit in which the earth moves 


round the sun were solid, and seen from the near- 
est star, it would likewise : appear no bigger than 


a point, although it is at least 162 millions of 


miles in diameter; for the earth in going round 
the sug is 162 Ralilons of miles nearer to some 


of the stars at one time of the year than at an- 


other ; and yet their apparent magnitudes, situa+ 


tions, and distances, from one another still remain — 
the same ; and a telescope which magnifies above 


200 times, does not sensibly magnify them: 
which proves-them to be at least 400 thousand 
times farther, from us y thanx we are from the sum 


yh, 
ah) 
3% 
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4. It is not to be imagined that all the stars are CHAP. 
placed in one con: surface, so as to be equally "4 
distant from us ; that they are placed at im- 
mense distances from one another through un- 
limited space: so that there may be as great a The stars 
distance between any two neighbouring stars, as*"¢ 
between our sun and those which are nearest to 
him. Therefore an observer, who is nearest any 
fixed star, will look upon it alone as a real sun ; 
and consider the rest as so many shining points, 
placed at equal distances from him in the age 
ment. 

5. By the help of telescopes we BE ex va 
sands of stars which are invisible to the bareeye; 
and the better our glasses are, still the more be- : 
come visible: so that we can set no limits either 
to their number or their distances. ‘The celebrat- and innum. 
ed Huygens carried his thoughts so far, as to Sava 
believe it not impossible that there may be stars 
at such inconceivable distances, that their’ light 
has not yet reached the earth since its creation; . 
although the velocity of light be a million of times 
greater than the velocity of a cannon bullet, as 
shall be demonstrated afterwards, § 197, 216: 

and, as Mr. Addison, very justly eS this 
thought is far from being extravagant, when we 
consider that the universe is the work of infinite 
power, prompted by infinite goodness ; having an 
infinite space to exert itself in; so that our ima- 
ginations can set no bounds to it. 

6.. The sun appears very bright and large IN Why the ~ 
comparison of the fixed stars, because we keep {i" SPRAt 

ggert an 

constantly near the sun, in comparison of out Im- the stars. 
mense distance from the stars. For, a spectator 
placed as near to any star as we are to the sun, 
would see that star a body as large and bright : as 
_the sun appears to us: wi a spectator, as far 
A2 
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on AP. distant from the sun as we are from the stars, 

vested of all its circumvolying planets ; and would 
reckon it one of the stars in numbering them. 

The stars 7. The stars being at such immense distances 

are not en- 

lightened from the sun, cannot possibly receive from him 

by the sun. gq strong a light as they seem to have; nor any 
brightness sufficient to make them visible to us. 
For the sun’s rays must be so scattered and dis- 
sipated before they reach such remote: objects, 
that they can never be transmitted back to our 
eyes, so as to render these objects visible by re- 
flection. ‘The stars therefore shine with their 
own native and unborrowed lustre, as the sun 
does; and since each particular star, as well as 
the sun, is confined to a particular portion of 
space, it is plain that the stars are of the same na- 
ioe with the sun. 

. Itis nowise probable that the Almighty, 
site always acts with infinite wisdom, and does 
nothing in vain, should create so many glorious 
suns, fit for so many’ important purposes, and 
place them at such distances from one another, 
without proper objects near enough to be bene- 

The are fited by their influences. Whoever imagines they 
probably g were created only to give a faint glimmering light 
by planets. to the inhabitants of this globe, must have a very 
superficial knowledge of astronomy, and a mean 
opinion of the Divine wisdom: since, by an in- 


finitely less exertion of creating power, the Deity. 


would have given our earth much more light Hi 
one single additional moon. 

9. Instead then of one sun and one world only 
in the universe, as the unskilful in astronomy 
imagine, that science discovers to us such an in- 
conceivable number of suns, systems and worlds, 
dispersed through boundless space, that if our 


would see the sun as small as, we see a star,> dis 
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sun, with all the planets, moons, and comets, be- CHAP: 
longing to it, were annihilated, they would be * 
10 ce inissed, by an eye that pienie takein the 
whole creation, ati a grain of sand from the sea- 
shore; the space they possess being cémpara- 
tively so small, that it would scarce be a sensible 
blank in the universe, although Saturn, the out- 
ermost of our planets, revolves about the sun in 

an orbit of 4,884 millions of miles in circumfer- 
ence, and some of our comets make excursions 
upwards of ten thousand millions of miles beyond 
Saturn’s orbit ; and yet, at that amazing distance, 
they are incomparably nearer to the sun than to 

any of the stars ; as is evident from their keeping 
clear of the attractive power of all the stars, and 
returning periodically by virtue of the sun’s at- 
traction. 

10. From what we know of our own system, The stellar , 
it may be reasonably concluded that all the rest Pen 
are with equal wisdom contrived, situated, and able, 
provided, with accommodations for rational inha- 
bitants. Let us therefore take a survey of the 
system to which we belong ; the only one access- 
ible to us ; and from thence we shall be the better 
enabled to judge of the nature and end of the 
other systems of the universe. For although there 
is almost an infinite variety in the parts of the 
creation, which we have opportunities of examin- 
ing, yet there is a general analogy running through 
and connecting all the parts into one scheme, one 
design, one whole ! 

11. And then, to an attentive observer, it will 
appear highly probable, that the planets of our 
system, together with their attendants called satel- 
lites or moons, are much of the same nature with 4s our solar 

planets are, 
our earth, and destined for the like purposes ; 
for they are solid opaque globes, capable of sup- 
AS 
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CHAP. porting animals and vegetables. Some of them 
"| are bigger, some less, and some much about the 
size of our earth. They all circulate round the 
sun, as the earth does, in a. shorter or longer time, 
according to their respective distances from him ; 

and have, where it would not be inconvenient, 
_regular returns of summer and winter, spring and 
autumn. ‘They have warmer and colder climates, 
as the various productions of our earth require : 
and, in such as afford a possibility of discovering 
it, we observe a regular motion round their axes 
like that of our earth, causing an alternate return 
of day and night ; which is necessary for labour, 
rest, and vegetation, and that all parts of their 
surfaces may be exposed to the rays of the sun. 
The far- 12. Such of the planets as are farthest from 
econ the sun, and therefore enjoy least of his light, 
“have most. have that deficiency made up by’several moons, 
sinter which constantly accompany and revolve about. 
their nights. therm, as our moon revolves about the earth. The 
remotest planet has, over and above, a broad ring . 
encompassing it; which like a lucid zone in the 
heavens reflects the sun’s light very copiously on 
that planet : so that if the remoter planets have 
the sun’s light fainter by day than we, they have 
an addition | made to i morning and evening by 
one or more of their moons, and a greater quan- 

tity of light in the night-time. 

Out retort On the surface of the moon, because it is 
ous like the M€arer to us than any other of the celestial bodies 
earth. are, we discover. a nearer resemblance of our 
earth; for, by the assistance of telescopes, we 
observe the moon to be full of high. mountains, 
large valleys, and deep cavities. Phese similari- 
ties leave us no room to doubt, but that all the 
planets’ and moons in the system are designed as _ 

commodious habitations for creatures endowed 
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with capacities of knowing and adoring their be- cuap. 
neficent creator. 

14. Since the fixed stars are prodigious spheres ) 
of fire, like our sun, and at inconceivable distan- 
ces from one another, as well as from -us, it is 
reasonable to conclude they are made for the 
same purposes that the: sun is; each to bestow 
light, heat, and vegetation, on a certain number 
ot inhabited planets, kept by gravitation within 
the sphere of its activity. i 

15. What an august, what an amazing con- asa 
ception, if human imagination can conceive it, ay world 
does this give of the works of the Creator! Thou- - 
sands of thousands of suns, ‘multiplied without 
end, and ranged all around ‘us, at immense’ dis- 
tances from eath other, attended by ten'thousand =. 
times ten thousand worlds, all ‘in rapid motion; 
yet calm, regular, and harmonious, invariably 
keeping the paths prescribed them ; and’ these 
worlds peopled with myriads of ifitelligent beings; 
formed for endless Pier in rec aghs and 
felicity ! 

16. If so much power,” wisdom, boodnieses and 
. magnificence is displayed in the material creation, 
which is-the least considerable part of the uni- 
verse, how great, how wise, how good must HE 
be, who made and governs the whole! 
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ie BRIEF DESCRIPTION OF THE SOLAR SYSTEM. 


17. arte sun, with the planets and comets which 
_, move round him as their centre, constitute the 
~ solar system. ‘Those planets which are near the 
sun not only finish their. circuits sooner, but like- 
wise move faster in their respective orbits, than 
those which are more remote from him. Their 
motions are all performed from west. to east, in 
orbits nearly circular. Their names, distances, 
bulks, and periodical revolutions, are as follow : 

18. The sun ©, an immense globe of fire, is 
placed near the common centre, or rather in the 
lower focus,’ of the orbits of all the planets and 
comets; * and turns round his axis in 25 days 6 


* If a thread be tied loosely round two pins stuck in a 
table, ‘and moderately stretched by the point ofa black-lead 
pencil carried round by an even motion and light pressure 
of the hand, an oval or ellipsis will be described; the two 
points where the pins are fixed being called the foci or fo- 


cuses thereof. The orbits of all the planets are elliptical, | 


and the sun 1s placed in or near to one of the foci of each 
of them ; and that in which he is placed, is called the LOWEE 
focus. 

? Astronomers are not far from the truth, when they 
reckon the sun’s center to be in the lower focus.of all the 
planetary orbits. ‘Though, strictly speaking, if we con- 
sider the focus of Mercury’s orbit to be in the sun’s centre 

the, 


ww 
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_. hours, as is evident by the motion of spots seen CHAP. 
on his surface. His diameter is computed to be ™ 
03,246 "763,000 miles ; and, by the various attractions of fig’t 

the circumvolving planets, he is agitated by a 
small motion round the centre of gravity of the 
system. All the planets, as seen from him, move 
the same way, and according to the order of signs. 
i the graduated circle ~ yw om 95, &c. which 
represents the great ecliptic in the heavens : but, 
as seen from any one planet, the rest appear 
sometimes to go backward, sometimes forward, 
and sometimes to stand still; not in circles nor 
ellipses, but § in looped curves, which never re- 
turn into themselves. ‘The comets come from all 
parts of the heavens, and move in all sorts of di- 
‘rections. | | 

19. Having mentioned the sun’s turnimg round 
his axis, and as there will be frequent occasion to 
speak of the like motion of the earth and other 
planets, it is proper here to inform the young 
tyro in astronomy, that neither the sun nor plan- 
ets have material axes to turn upon, and support 
them, as in the little imperfect machines contriv- The axis of 
ed to represent them ;*for the axis of a planet ‘hy Planets, 
is a line conceived to be drawn through its cen- ~ 
tre, about which it revolves as if on a real axis. 


4“ 


the focus of Venus’s orbit will be in the common centre of 
gravity of the sun and Mercury’; the focus of the earth’s 
orbit in the common centre of gravity of the sun, Mercury, 
and Venus; the focus of the orbit of Mars in the common 
centre of gravity of the sun, Mercury, Venus, and the 
Earth ; and so of the rest. Yet, the focuses of the orbits 
of all the planets, except Saturn, will not be sensibly re- 
moved from the centre of the sun; nor will the focus of 
Saturn’s orbit recede sensibly from the common centre of 
gravity of the sun and Jupiter, pice 

* 3 As represented in Plate 3, Fig. 1, and described § 138. 
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The extremities of this line, terminating in oppo- 
site points of the planet’s surface,. are called its 


~ poles. ‘That which points towards the northern 


part of the heavens, is called the north pole ; and 
the other, pointing towards the southern part, is 
called the south pole. A bowl whirled from one’s 
hand into the open air, turns round such a line 
within itself, whilst it moves forward ; and such 
are the lines we mean, when we satin ofthe axes 


of the heavenly bodies. 


Their or- 


bits are not 


20. Let us suppose the earth’s orbit to > be a thin, 


as arene even, solid plane, cutting the’ sun through the 
piane with centre, and extended out as far as the starry hea- 


the ecliptic. 


Their 
nodes, 


“vens, where it will mark the great circle called the 
ecliptic. This circle we suppose to be divided 
into 12 equal parts, called signs ; each sign into» 
30 equal parts, called degrees; each degree into 
60 equal parts, called minutes ; and every minute . . 
‘into. 60 equal parts, called seconds :- so that a se- 


cond is the 60" part of a minute; a minute the — 


60™ part of a degree ; anda degree the 360" part . 
of a circle, or 30" part of a sign. ‘The planes | 
of the orbits of all the other planets likewise cut 
the sun in halves; but extended to the heavens, 
form circles different from one another, and from 
the ecliptic ; one half of each being on the north 
side, and the other on the south side of it. Con- 
sequently the orbit of each planet crosses the eclip- 
tic in two opposite points, which are called the 


_ planet’s nodes. These nodes are all in different 
parts of the ecliptic ; and therefore, if the planet- 
ary tracks remained visible in the heavens, they 
-would in some measure resemble the different 
ruts of waggon-wheels crossing one another in 


different parts, but never going far asunder. That 


node, or intersection of the orbit of any planet 


with the earth’s orbit, from which the planet as: _ 
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cends northward above the ecliptic, 1 is called the cHar. 
ascending node of the planet: and the other, . 
which is - directly opposite thereto, is called its where ai- 
descending node. Saturn’s ascending node is in ‘te® 7 
21° 13”.of Cancer 25, -Jupiter’s in 7°. 29" of the ma 
same sign, Mars’s in 17 ° 17" of Taurus y, Ve- 
nus’s in 13° 59” of Grima ti, and Mercury’s in 
p4i? 43" of Taurus. Here we consider the 
earth’s orbit as the vale and the orbits of all 
the other planets as oblique to it. 

21. When we speak of the planets orbits, all Theplanets \ 
that is meant is their paths through the open and oe 
unresisting space in which they move, and are 
kept in, by the attractive power of the sun, and i 
the projectile force impressed. upon them at first : 
between which power and force there is so exact 
* an adjustment, that they continue in the same 

ee without any solid orbits to confine them. 

, 2. Mercury, the nearest planet to the sun, Mercury. 
goes ngties him (as in the circle marked 3) in **” 
87 days 23 hours of our time nearly ; which is th. 

the length of his year. But being seldom seen, 

and no spots appearing on his surface or disc, 

the time of his rotation on his axis, or the length 


4 On the first of January 1805, the ascending node of 
the Georgium sidus, one of the planets lately discovered, 
was in the 12% 53™ of Gemini, and advances 16 seconds in 
a year. Saturn’s in 21° 59” of Cancer, and advances 32 
seconds ina year. Jupiter’s in 8°27" of Cancer, and ad- 
vances 36 seconds every year. Mars sin 18° 4™ of Taurus, 
and advances 28 seconds ina year. Venus’s in the 14° 55™ 
of Gemini, and advances 36 seconds ina year. “Mercury’s 
jn 16° 0" of Taurus, and advances 43 seconds every year- 
It is a curious circumstance that the nodes of the planets 
should all be in the 2°, 34, and 4-4 signs of the zodiacand 
that two nodes should be in each of these signs.~—Ep. 
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- crap. of his ee and nights is as yet _ unknown. His 
ay distance from the sun is computed to be 32 mil- 
€ lions of miles, and his diameter 2,600. In his 
course round the sun, he moves at the rate of 95 
‘ thousand miles every hour. His light and heat 
: from the sun are almost seven times as great as 
ours; and the sun appears to him almost seven 
May be in-times as large as to us. ‘The great heat on this 

hapisess planet is no argument against its being inhabited ; 


; since the Almighty could as easily suit the bodies 
. and constitutions of its inhabitants to the heat of 
| their dwelling, as he has done ours to the tem- 
‘ perature of our earth. And it is very probable 

*. that the people there have such an opinion of us, 


as we have of the inhabitants of Jupiter’ and Sa- 
turn; namely, that we must be intolerably cold, 
and have very little light at so great a distance 
from the sun. 
Has like 23. This planet appears to us with all the va- 
prsses with + ous phases of the moon, whenviewed at different 
times by a good telescope : save only that he never 
appears quite full, because his enlightened side is 
never turned directly toward us, but when he is 
so near the sun as to be lost to our sight in its 
beams. And, as his enlightened side is always 
| toward the sun, it is plain’that he shines not by 
A aa any light of his own; for if he did, he would 
| constantly appear round. That he moves about | 
the sun in an orbit within the earth’s orbit, is also 
plain (as;wall be more largely shewn by and by, 
§ 141,  seq.), because he is never seemopposite 
to fle : sun, nor above 56 times the sun’s breadth — 
from.his centre. | 
a Bane 9A, His orbit is inclined seven degrees to the 
'« ” ecliptie; and that node, § 20, from which he 
"ascends northward above the ecliptic, is m the 
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16” degree sf Taurus; the opposite in the 16" 
degree of Scorpio. The Earth is in these points 
on the 6" of November and 4"" of May, newstyle; 
and when Mercury comes to either of his nodes at 
his inferior’ conjunction about these times, he 
will appear to pass over the disc or face of the 
Sun, likea dark round spot. But in all other parts 
of his orbit his conjunctions are invisible, because 
he either goes above or below the Sun. 

25. Mr. Whiston has given us am account of 
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When he 
will be seen 


several periods at which Mercury may be seen 0M as if upon 


the Sun’s ‘discs viz. in the year 1782, Novem. the Sun. 
‘ber 12, at 3° 44" in the afternoon ; 17 36, May 4, 
at 6" 57" in the forenoon; 1789, December 6, 
-at 3° 55™ in the: ay eons and 1799, May 7, 


at 25 34” in the afternoon.® | There will be se- | 


veral intermediate transits, but none of them ‘yi- 


sible at London. | 


26. Vrenus, the next planet in order, 1 is COM- Venus, 


puted to be 59 millions of miles from the Sun; 
and by moving at the rate of 69 thousand miles 


every hour inherorbit (asin the circle marked @), Plate I 


our time, nearly ; in which, though it be the full 
length of her year, she has only 94 days, ac- 


cording to Bianchini’s observations 7 so that, 


5 When he is et ca the Earth ey the Sun in the 
nearer part of his orbit. 

he next visible transits of Mercury will | in 1832, 

May 55, middle of the transit, 12h 27" noon; 1845, May 8, 

71 42” in the afternoon; 1848, November 9, 14 59™ in the 


afternoon; 1861, November 12, 7 30" morning; 1868, 


November 5 5, 7) 28m in the morning ; 1878, May 7, 6h 5" 


inthe afternoon; 1894, November 10, Gb 46™ in the Serie 


ing. . See Vol. II, p. 327.—Ep. 
2 According to the vides asin, Venus A upon 


: ; _ her 
oe mh, 


_ she goes round the Sy in 224 days 17 hours of 


Yor, 


tir: 


ah 
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to her, every day and night together is as long ds 


24+ days and nights with us. This odd quar- 


her axis in the space of 235 20". This result, was deduced 
from observations made in 1667, ona bright ape in Venus's 
disc, which advanced 20° in the course of 24534”. Cassini, 
reasoning no doubt from the diurnal revolution of the other 


- planets, concluded that the spot had, during the.interval of 


24h 34™, performed a complete revolution, and 20° of an- 
other, and that the rotation of the planet was complete in 
23h 20", (Cassini, Elemens d’ Astronomie, p.525 ), while the 
natural conclusion should have been, that the spot had only 

performed part of a revolution.. Signior Bianchini made 

similar observations in 1726, &c.; but as the spot which 
he observed did not make any progress in the space of three’ 


hours, he.justly concluded thatthe spot which Cassini ob- 


served had performed only a part of a revolution, and that — 
Venus completed her diurnal period in 24 days 8 hours. — 
See Hespert et Phosphori nova phenomena, pp. 25, 61, 63. 
The revolution assisned by Cassini is more analogous to that 

of the other planets, in none of which does the length of _ 
the day exceed 24 hours. But Bianchini’s observations . - 
were more numerous, and were made at differenttimes. “The — 
spots of Venus were shewn to several persons, who agreed 

as to their appearance, and these spots actually made no 
progress in the space of 3h; wjereas, upon Cassini’s hypo- 
thesis, they ought to have aavigued 45°. Notwithstanding 
these arguments, however, which might probably have 
weighed with our author, it would appear, from the observ- 
ations of Schroeter, that the diurnal period assigned by | 
Cassini is nearly true. Schroeter.observed the differgat 
shapes of the two horns of Venus. He found that the one . | 
horn was pointed, while the other was blunt. T’he southern | 
horn, which was at first more blunt than the northern, in 
two hours lost its shadow, became more pointed than tke 
northern, and its blunted shape appeared every day about. 
half‘an hour sooner, that is, after an interval of 234 hours.” 
‘This alternate bluntness and sharpness in the horns of Ve~ 
nus is supposed by Schroeter to arise from the shadow of 

a high mountain.’ From numerous observations, he found 
that Venus’s diurnal revolution was performed in 23h 20° 


594. See Plate II, Sup. Fig. 6, and Vol. II, pp. 138, 
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ter of a day in every year makes every fourth CHAP. 
year a leap-year to Venus; as the like does 
toour earth. Her diameter is 7,906 miles; and 
by her diurnal motion the inhabitants about. her 
equator are carried 43 miles every hour, besides 
the 69,000 above mentioned. 
at ‘Her orbit includes that of Mercury within er ob 
; for, at her greatest elongation, or apparent -ween the 
pia from the sun, she is 96 times his breadth ete: 
from his centre, ahah is almost double of Mer- 
cury’s. Her orbit isincluded by the earth’s ; for 
if it were not, she might be seen as often in op- 
position to the sun, as she is in conjunction with 
him ; but’she was never seen 90 degrees, or a 
fourth part of a circle, from the sun. 
28. When Venus appears west of the sun, she She is our 
morning 
rises before him in the morning, and is called the and evena’ 
morning star : when she appears east of the sun es star by 
she shines in the evening after he sets, and is chen 
called the evening star: being each in its turn for 
290 days. It may perhaps be surprising at first, 
- that Venus should keep longer on the east or west 
of the sun, than the whole time of her period 
round him. But the difficulty vanishes when we 
consider that the earth is all the while going 
round the sun the same way, though not so quick 
as Venus: and therefore her relative motion to 
the earth must in every period be as much slower 
than her absolute motion in her orbit, as the earth 
during that time advances forward in the écliptic, 
which is 220 degrees. To us she appears through 
a telescope in all the various shapes of the moon.*® 


: The line which divides the enli ghtened from the obscure 
part of Venus’s disc, is ragged and uneven like that 6F the 
moor. No bright spots have been observed on her surface 
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cHAP. - 29. The axis of Venus j is inclined 75 degrees } 


more than our carth’s axis is inclined to the axis 
of the ecliptic: and therefore her seasons vary 
much more than oursdo. ‘The north pole of Dep 
axis inclines toward the 20" degree of Aquarius; ¢ 
our earth’s to the beginning of Cancer; consé- 
quently the northern parts of Venus have sum- 
/ mer in the signs where those of our earth, have 
: winter, and vice versd. f 
aaa 30. The ° artificial day at each pole of Venus 
is 04 ene as 112+ natural days on our earth.’ 


ances. 


mae ee ies | The sun’s greatest declination on each Sd 
2ia D 


circles how OF og equator amounts to '75 degrees ; therefore 
situated. her* tropics are only 15 degrees from her poles ; 


Ce the axis of her orbit, which is 514 degrees 


and her? polar circles as far from her equator. 


Consequently the tropics of Venus are between 
| , 4 


gince the time of Bianchini. Dr. Herschel has found her 


always enveloped in something resembling a white cloud, . 


and never saw any variety in her appearance. Schroeter 
discovered a twilight in Venus, and supposes the denser. 
part of her atmosphere to be 16,020 feetjvor three mile? 
nearly in height. He found, that the highest mountains of 
Venus as well as the moon, are in the southernihemisphere ; 
that their perpendicular heights are as the eter of their 
planets, and that one of the mountains of Venus is about 
53 geographical miles in: height, nearly six times higher 
than any in the moon.—Eb. a 

®° The time between the sun’s rising and setting. 

* One entire revolution, or 24 hours. - 

-? These are lesser circles parallel to the equator, and as 
many degrees from it, towards the poles, as the axis of the 
planet is ‘inclined to the axis of its orbit. When the sun is 
advanced so far north or south of the equator, as to be di- 

« rectly over either tropic, he goes no farther, but returns 
towards the other. 

3 These are lesser circles round the poles, be as far 
from them as the tropics are from the equator. The poles 
are the very north and south points of the planet. 

me ae 


em 


ae 
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her polar circles and her poles; contrary to what CHAP 
those of our earth are. eh ae 
82. As her annual revolution contains only 9% rhe sun’s 
of her days, the sun will always appear to go ely course 
through a whole sign, or twelfth part of her or- 
bit, in a little more than three quarters of her na- 
tural day, or nearly in 183 of our days and 
nights. | | 
33. Because her day is so great a part of her and great 
Pa te sus ie ; eclinations 
year, the sun changes his declination in one day 
so much, that if he passes vertically, or directly 
over head of any given place on the tropic, 
the next day he will be 26° from it:* and what- 
ever place he passes vertically over when in the 
equator, one day’s revolution will remove him . 
36;° from it. So that the sun changes his 
_declination every: day in Venus about 14° 
more at a mean rate, than he does in a quar- 
ter of a year on our earth. This appears to be 


_* providentially ordered, for preventing the too 


great effects of the sun’s heat (which is twice as 
great on Venus as on the earth), so that he can- 
not shine perpendicularly on the same places for 
two days together ; and on that account, the heat- 
ed places have time to cool. : 

34. If the inhabitants about the.north pole of To deter- 
Venus fix their south or ‘meridian line, through ae A 
that part of the heavens where the sun comes to compass at 
his greatest height, or north declination, and call '** P°** 
those the east and west points of their horizon, 
which are 90° on each side from that point 
where the horizon is cut by the meridian line, 
these inhabitants will have the following remark- 
able appearances. 

The sun will rise 223° north of the east, 


2 


* A degree is the 360° part of any circle. See § 21. 
Fol. | BO 
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CHAP. and going on 1122 °, as measured on the plane 
"__,of the* horizon,” he will cross the meridian at 
~ analtitude of 122°; then making an entire revo- 

lution without setting, he will cross it again at 
an altitude of 482°; at the next revolution he 
will cross the meridian as he comes to his great- 
est height and declination, at the altitude af 75°; 
Ri Sag being then only 15° from the zenith, or that 
ancesat her point of the heavens which is directly over head : 
poles: and thence he will descend in the like spiral 
manner ; crossing the meridian first at the altitude 
of 482°; next at the altitude of 122°; and go- 
ing on then 1122 °, he will'set 22° north of the 
west; so that after having been 43 revolutions 
above the horizon, he descends below it to ex- 
hibit the like appearances at the south pole. 

35. At each pole, the sun continues half a year 
without setting in summer, and as long without 
rising in winter ; consequently the polar nhabit- 
ants of Venus have only one day and one night in 
the year; as it is at the poles of our earth. But 
the difference between the heat of summer and 
cold of winter, or of mid-day and mid-night, on 
Venus, is much greater than on the earth: be- 
cause on Venus, as the sun is for half a year to-. 
gether above the horizon of each pole in its turn, 
so he is for a considerable part of that time near 
the zenith; and during the other half of the year 
always below the horizon, and for a great part 
of that time at least 70° from it. Whereas, at 
the poles of our earth, although the sunis for 
half a year together above the horizon; yet he 
never ascends above, nor descends below it, more 


* The limit of any inhabitant’s view, where the sky 
seems to touch the planet all round him. | 


v 
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than 232°. When the sun is in the equi- CHAP. 
noctial, or in that circle which divides the north-, _"” 
ern half of the heavens from the southern, he is 

seen with one half of his disc above the horizon 

of the north pole, and the other half above the 
horizon of the south pole; so that his centre is 

in the horizon of both poles: and then descend- 

ing below the horizon of one, he ascends gradu- 

ally above that of the other. Hence, ina year, 

each pole has one spring, one harvest, a summer 

as long as them both, and a winter equal in length 

to the other three seasons. 

36. At the polar circles of Venus, the seasons At her pe- 
are much the same as at the equator, because “#“!* 
there are only 15° between them, (§ 31); only 
the winters are not quite so long, nor the sum- 
mers so short: but the four seasons come twice 
round every year. 

37. At Venus’s tropics, the sun continues for At her 
about fifteen of our weeks together without set- "Pi 
ting in summer, and as long without rising in 
winter. Whilst he is more than 15 degrees from 
the equator, he neither rises to the inhabitants of 
the one tropic, nor sets to those of the other: 
whereas, at our terrestrial tropics, he rises and 
sets every day of the year. 

38. At Venus’s tropics, the seasons are much 
the same as at her poles; only the summers are 
a little longer, and the winters a little shorter. 

39, Ather, equator, the days and nights are Ather 
always of the same length; and yet the diurnal *?*°" 
and nocturnal arches are very different, especially 
when the sun’s declination is about the greatest : 
for then, his meridian altitude may sometimes be 
twice as great as his midnight depression, and at 
other times the reverse.» When the sun is at his 

| B2 : 
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CHAP. greatest declination, either north or south, his 
Ly Fays are as oblique at Venus’s equator, as they 
are at London on the shortest day of winter. 
Therefore, at her equator there are two winters, 
twosummers, twosprings, and twoautumns, every 
year. But because the sun stays for some time 
near the tropics, and passes so quickly over the 
equator, every winter there will be almost twice 
as long as summer: the four seasons returning 
twice in that time, which consists only of 9= 
days. | 
40. Those parts of Venus which lie between — 
the poles and tropics, and between the tropics and 
polar circles, and also between the polar cireles 
and equator, “partake more or less of the pheno- 
mena of these circles, as they are more or less 
distant from them. 
Great dif? 41. From the quick change of the sun’s de- 
the sun’s Clination it happens, that if he rises due east on 
amplitude any day, he will not set due west on that day, as 
Zines Madge 
and setting, With us; for if the place where he rises due east 
be on the equator, he will set on that day almost 
west-north-west; or about 182° north of the 
west. But if the place be in 45° north latitude, 
then on the day that the sun rises due east he 
will set north-west by west, or $3° north of the 
west. And in 62° north latitude, when he rises 
in the east, he sets not in that revolution, but just 
touches the horizon 10° to the west of the north 
point: and ascends again, continuing for 3+ 
revolutions above the horizon without setting. 
Therefore no place has the forenoon and after- 
noon of the same day equally long, unless it be 
_. on the equator, or at the poles. : 
rhe longi: 42. The sun’s altitude at noon, or any other 
placeseasily time of the day, and his amplitude at rising and 
round in 


Venus setting being very different at places on the same: 
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parallel of latitude, according to the different lon. CHAP. 
gitudes of those places, the longitude will be al- _ ~ 
most as easily found on Venus, as the latitude is 

found on the earth: which is an advantage we 

«an never have, because the daily change of the 

sun’s declination is by much too small for that 
important purpose. __ 

43. On this planet, where the sun crosses Her equi- 
the equator in any year, he will have 9° of cc of 
declination from that place on the same day and 4 day for- 
hour next year; and will cross the equator ag ae, 
0° farther to the west; which makes the time. 
of the equinox a quarter of a day (or about 
‘six of our days) Jater every year. Hence, although 
the spiral in which the sun’s motion is performed, 
be of the same sort every year, yet it will not be © 
the very same, because the sun will not pass ver- 
tically over the same places till four annual revo- 
lutions are finished. 

44. We may suppose that the inhabitants of Every 
Venus will be careful to add a day to some par- cofrouiaie 
ticular part of every fourth year, which will keep to Veaus. 
the same seasons to the same days. For, as the 
great annual change of the equinoxes and solstices _ 
shifts the seasons a quarter of a day every year, 
they would be shifted through all the days of the 
year in 36 years. But by means of this inter- 

Say day, every fourth year will bea leap-year ; 
which will bring her time to an even reckoning, 
and keep her calendar always right. : 

45. Venus’s orbit is inclined 32° to the When she 
earth’s; and crosses it in the 14° of Gemini ¥! 2p" 
and of Sagittarius; and therefore, when the 
earth is about these points of the ecliptic at the 
time that Venus is in her inferior conjunction, 
she will appear like a spot on the sun, and afford 
a more certain method of finding the distances of 

B3 


on the sun. 
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CHAP. all the planets from the sun, than any other yet 
"__, known. But these appearances happen very sel- 
dom ; and will be only twice visible at London 

for 10 years to come. ‘The first time will be 

in the year 1761, June the 6", \in the morning ; 

and the second; on the 3¢ of June i in the evening. 
Excepting such transits as these, she shews the 

same appearances to us regularly every eight 
years; her conjunctions, elongations, and times of 

rising and setting, being very Rio the same, 
on the same days, as before. : 

ety 46. Venus may have a satellite or moon, al- 
moon al- though it be undiscovered by us: which will not | 
though we appear very surprising, if we consider how incon- 

nnot see 

it. veniently we are placed for seeing it;? for its 
enlightened side can never be fully turned towards 
us, but when Venus is beyond the sun; and then, 
as Venus appears little bigger than an ordinary 
star, her moon may be too small to be perceived 
as such a distance. When she is between us and 
_ the sun, her full moon has its dark side towards 
us ; and then we cannot see it any more than we 
can our own moon at the time of change. When 
Venus is at her greatest elongation, we have but 


3 Cassini, Short, and other astronomers, imagined that 
they saw Venus attended with her satellite ; and Lambert 
has given, in the Memoirs of Berlin for 1773, a theory of 
this secondary planet. ‘hese astronomers, however, were 
deceived by an optical illusion, for the imaginary satellite 
was merely a secondary image formed by a double reflexion. 
M. Wargentin had in his possession a good achromatic 
telescope, which always shewed Venus with a satellite ; but - 
the deception was discovered by moving the telescope upon 
its axis. I have often been deceived by the same optical 

— illusion ; .but, knowing that Venus had no satellite, I al- 
ways imagined that the secondary i image was a telescopic 
star.—Ep. 
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one half of the enlightened side of her full moon 
towards us; and even then it may be too far dis- 
tant to be seen by us. But if she has a moon, it 
may certainly be seen with her upon the sun, in 
the year 1761,* unless its orbit be considerably 
inclined to the ecliptic: for if it should be in con- 
junction or opposition at that time, we can hardly 
imagine that it moves so slow as to be hid by 


Venus all the six hours that she will appear on 


the sun’s disc.5 
47. The EarTuis the next planet above Venus 
in the system. It is 82,000,000. of miles from 
the sun, and goes round ac (as 1 in the circle @) 
in 365% 5° 49™ from any equinox or solstice to 
the same again: but from any fixed star to the 
same again, as seen from the sun, in 365% 6° and 
. 9"; the former being the length of the tropical 
year, and the latter the length of the sydereal. It 


CHAP: ° 


n-ne 


The earth, 
Fig. A: 
Its diurnal 


and annual 
motion. 


travels at the rate of 58,000 miles every hour; + / 


which motion, though 120 times swifter than that 
of acannon ball, is little more than half as swift as 
Mercury’ s motion in his orbit. ‘The earth’s dia- 
meter is. 7, 970 miles; and by turning round its 
axis every 24 hours from west to east, it causes 
an apparent diurnal motion of all the heavenly 


4 The transit is over since this was written, and no satel- 
lite was seen with Venus on the sun’s disc. 

* All the phenomena on the planet Venus, which de- 
pend on the time of her diurnal rotation, will be different 
from those mentioned by Mr. Ferguson, in consequence of 
his having adopted the length of her day as assigned by 
Bianchini ; see p. 14, note. By supposing the daily .revo- 
lution of Venus to be one of our days instead of 24, the 
reader may easily deduce the, real phenomena seen by tlre 
inhabitants of that planet, which are affected by her diur- 
nal revolution.—Ep. 
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CHAP. bodies fede east to west. By this rapid motion — 

of the earth on its axis, the inhabitants about the 
- equator are carried 1,042 miles every hour, whilst 
those on the parallel of London are carried only 
about’ 580, besides the 58,000 miles by the 
annual motion above mentioned, whieh is com- 
mon to all places whatever. 

Inclination 4, The earth’s axis makes an angle of 232° 

ofge ate. with the axis of its orbit; and keeps always 
the same. oblique direction, inclining towards 
the same fixed stars’ throughout its annual 
course, which causes the returns of spring, sum- 
mer, autumn, and winter; as will be explained 
at large in the tenth chapter. 

Aproofof 49. The earth is round like a globe, as ap- 

its being 

round, pears, 1, By its shadow in eclipses of the moon ; 

no wee shadaw is always bounded by a circular 

line, (§ 314); 2, By our seeing the masts of a ship 
whilst the hull is hid by the convexity of the wa- 
ter; 3, By its having been sailed round by many 
navigators, The hills take off no more from the 
roundness of the earth, in comparison, than grains 
of dust do from the roundness of a common 

| globe. 

Its number 50. The seas and unknown parts of the earth 
vi.’ (by a measurement of the best maps) contain 160 
| million 522 thousand and 26 square miles; the 

inhabited parts 38 million 990 thousand 569; 
Europe 4 million 456 thousand and 65; Asia 
10 million 768 thousand 823; Africa 9 nillion 


6 "This is not strictly true, as will appear when we come 
to treat of the recession of the equinoctial points in the hea- 
vens, § 246; which recession is equal to the deviation of 
the earth’s axis from its parallelifm: but this is rather toa 
small to be sensible in an age, except to those who make 
very nice observations, . 


& 
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654 thousand 807; America 14 million 110 CHAP. 
thousand 874. In all, 199 million 512 thou. '* 
sand 595; which is the number of square miles 
on the whole surface of our globe. | 

51. Dr. Long, in the first volume of his astro- The pro- 
nomy, p. 168, mentions an ingenious and easy porsion of 
method of finding nearly what proportion the ea. 
land bears to the sea; which is, to take the pa- 
pers of a large terrestrial globe, and after sepa- 
rating the land from the sea, with a pair of scis- 
sars, to weigh them carefully in scales. This 
supposes the globe to be exactly delineated, and 
_the papers all of equal thickness. The Doctor 
made the experiment on the papers of Mr. Senex’s 
seventeen inch globe; and found that the sea 
papers weighed 349 grains, and the land only 
124: by which it appears that almost three fourth 
parts of the surface of our earth, between the 
polar circles, are covered with water, and that 
little more than one fourth is dry land. The 
Doctor omitted weighing all within the polar 
circles, because there is no certain measurement 
of the land within them, so as to know what pro- 
portion it bears to the sea. 

52. The moon is not a planet, but only a satel- The moen. 
lite or attendant of the earth, going round the 
earth from change to change in 29% 12" and 44”; 
and round the sun with it every year. The 
moon’s diameter is 2,180 miles, and her distance’ 
from the earth’s centre 240,000. She goes round 
her orbit in 274 7° 43™, moving about 2,290. 
miles every hour; and turns round her axis ex- | 
actly in the time that she goes round the earth, 
which is the reason of her keeping always the 
same side towards us, and that her day and 
night, taken together, is as long as our lunar 
ymonth. 

53. The moon is an opaque globe like the 
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CHAP. earth, and shines only. by reflecting the light of 
the sun: therefore, whilst that half of her which 
is towards the sun is enlightened, the.other half 

Her phases. must be dark and invisible.. Hence she disappears 
when she comes between us and.the sun, because 
her dark side is then towards us. When she is 
gone a little way forward, we see a little of her 
enlightened side: which still increases. to our 
view, as she advances forward, until she comes to 

- be opposite to the sun; and then her whole en- 
lightened side is towards the earth, and she ap- 
pears with a round illumined orb, which we call 
the full moon: her dark side being then turned 
away from the earth. From the full she seems 
to decrease gradually as she goes through the 
other half of her course, shewing us less and less 
of her enlightened side every day, till her next 
change or conjunction with the sun, and then 
-she disappears as before. 

A proof 54. This continual change of the moon’s 

that she 

is cole phases, demonstrates that she shines not by any | 

ay heat light of her own: for if she did, being globular, 

‘8 -we should always see her with a round full orb 
like the sun. Her orbit is represented in the 
scheme by the little circle m, upon the earth’s 

Fig. 1. - orbit G&: but it is drawn fifty times too large in 
proportion to the earth’s; and yet is almost too 
small to be seen in the diagram. ? 

nee of 55. The moon has scarcely any difference of 
enlighten- Seasons, her axis being almost perpendicular to 

Cos ea He ecliptic. What is very singular, one half of 
her has no darkness at all, the earth constantly 

_ affording it a strong light in the sun’s absence; 
\ while the other half has a fortnight’s darkness 
- and a fortnight’s light by turns. 

Our earth. 56. Our earth isa moon to the moon, wax- 

shermoon- ing and weaning regularly, but appearing thirteen 
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times as big, and affording her thirteen times as CHAP. 
much light as she does to us. When she changes __'” 
to us, the earth appears full to her; and when 
she is in her first quarter to us the earth is in its 
third quarter to her; and vice versa. 
57 But from one half of the moon, the earth ) 
is never seen at all:’ from the middle of the other. 
half it is always seen over head, turning round | 
almost thirty times as quick as the moon does. | 
From the circle which limits our view of the ° 
moon, 0 only one half of the earth’s side next »her 
is seen, the other half being hid below the hori- 
zon of all places on that circle. To her. the 
earth seems to be the biggest body in the universe, » 
for it appears thirteen times as big as she does to 
us. e 
58. The moon has no Ta ea of any vi- 
sible density surrounding her as we have: for if 
she had, we could never see her edge so well de- 
fined as it appears; but there would be a sort of 
a mist or haziness around her, which would 
make the stars look fainter, as they are seen 
| through it.° But observation proves, that the A proof of 
stars which disappear behind the moon, retain Aa ag 
‘their full lustre until they seem to touch her very atmosphere. 


7 "This is not exactly the case, for we sometimes see a 
portion of the moon’s eastern hemisphere, which was not 
seen in a former part of her revolution, and lose sight of 
a similar portion of the moon’s western limb, The Crisian 
sea, for example, which is a large dark spot on the western 
side of the moon, is sometimes 3 of its diameter from her 
limb, and at other times so near it, that the interval can 
scarcely be observed. See the Supplementary chapter, 
yol. ii, on Selenography.—Eb. 

® Astronomers have long been divided in opinion re- 
specting the atmosphere of the moon. Those who deny 
its existence, argue chiefly from the appearance of fixed 

stars, 


I 
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CHAP. edge, and then they vanish in a moment. This 


has been often observed by astronomers, but 
particularly by Cassini,® of the star y, in the 
breast of Virgo, which appears single and round 
to the bare eye; but through a refracting tele- 
scope of 16 feet, appears to be two stars so near 
together, that the distance between them seems 
to be but equal! to one of their apparent diameters. 
The moon was observed to pass over them on the 
21** of April 1720, n.s. and as her dark edge 
drew near to them, it caused no change in 
their colour or situation. At 25" 14! past 
12 at night, the most westerly of these stars 
was hid by the dark edge of the moon; and 
in $0° afterwards, the most easterly star was 
hid: each of them disappearing behind the mooh 
in an instant, without any preceding diminu- 
tion of magnitude or brightness; which by no 
means could have been the case if there were an 


stars, that emerge behind the moon’s limb, without losing 
their usual lustre. But if we consider, that the lunar at- 
mosphere, if it did exist, could not subtend an angle of 
more than one second, and that the emerging star moves 
through this space in tqwo seconds of time, we can scarcely 
expect to perceive any considerable change in its brilliancy. 
Besides, if the star emerges at a part of the moon’s limb 
where there is a ridge of mountains, the time during which 
its lustre should be observed, would be much less than two 
seconds, and sometimes imperceptible. On this point, 
however, we are not left to vague conjecture, for M. 
Schroeter has discovered, near the moon’s cusps, a faint 
grey light, of a pyramidal form, which, being the moon’s 
twilight, must necessarily arise from her atmosphere. M. 
Schroeter concludes, from his observations, that the height 
of the moon’s atmosphere, where it could diminish the 
brightness of a star, or inflect the rays of light, does not 
exceed 5,742 feet. See chap. xv, note 1.—Ep. 
° Memoires de l’Acad. ann. 1720, 
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atmosphere round the moon; for then, one of 
the stars falling obtiquely into it before the other, 
ought by refraction to have suffered some change 
in its colour, or in its distance from the other star, 
which was not yet entered into the atmosphere. 
But no such alteration could be perceived, though 
the observation was performed with the utmost 
attention to that particular ; and was very proper 
to have made such a discovery. The faint light, 
which has been seen all around the moon, in total 
eclipses of the sun, has been observed, during 
the time of darkness, to have its centre coinci- 
_ dent with the centre of the sun; and was, there- 
fore, much more likely to arise from the atmo- 
sphere of the sun, than from that of the moon ; 
for if it had been owing to the latter, its centre 
would have gone along with the moon’s. 

59. If there were seas in the moon, she could 
have no clouds, rains, nor storms, as we have ; 
because she has no such atmosphere to support 
the vapours which occasion them. And every 
one knows, that when the moon is above our 
horizon in the night-time, she is visible, unless 
the clouds of our atmosphere hide her from our 
view ; and all parts of her appear constantly with 


CHAP. 
iI. 


oem aeameendl 


Nor seas, 


She is fui} 
of caverns 


‘the same clear, serene, and calm aspect. But ana deep 


those dark parts of the moon, which were for- 
merly thought to be seas, are now found to be 
only vast deep cavities, and places which reflect 
not the sun’s light so strongly as others, having 
many caverns and pits, whose shadows fall with- 
in them, and are always dark on the sides next 
the sun, which demonstrates their being hollow ; 
and most of these pits have little knobs like hill- 
ocs standing within them, and casting shadows 
also, which cause these places to appear darker 


than others that have fewer or less remarkable. 


pits. 
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. CHAP. caverns. All these appearances shew that there 
are no seas in the moon; for if there were any, 
their surfaces would appear smooth and even, like 
those on the earth.* 

The stars / 60. There being no atmosphere about the 

ree? the) moon, the heavens in the day-time have the ap- 

moon. / pearance of night to a lunarian who. turns his 
| back toward the sun ;'and when he does, the stars 
appear as bright to him as they do in the night to 

us. For, it is entirely owing to our atmosphere 

- that the heavens are bright about us in the day. 

61. As the earth turns round its axis, the se- 

veral continents, seas, and islands appear to the 

moon’s inhabitants like so many spots, of differ- 

ent forms and brightness, moving over its sur- 

face ; but much fainter at some times than others, 

The earth ag our clouds cover them or leave them. By 

« dia'tothe these spots the lunarians can determine the time 

of the earth’s diurnal motion, just as we do the 
motion of the sun; and perhaps they measure 


* The arguments adduced by Mr. Ferguson to prove 
that there is no sea in the moon, are very far from being 
conclusive. The existence of a lunar atmosphere is com- 
pletely ascertained ; and the little pits and eminences which 
appear in the dark parts of the moon, which are extremely 
even and smooth, may be regarded as rocks or islands. By 
observations, Howends: on the Mare Crisium, when the line, 
which separates the enlightened from the obscure segment 
of the moon, passed through this large and apparently level 
spot; I have found that the shaded parts of the moon, how- 
ever smooth they may appear, are not level surfaces, and | 
therefore cannot be seas. If there were seas in the moon, 
there would be particular times when the reflected light of 
the sun would render them more brilliant than any other 
part of her surface. These facts will be stated more fully 
in the second volume in the Supplementary gd on Se- 
ra hE —Ep. 


’ 
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their time by the motion of the earth’s spots, for CHAP. 
they cannot have a truer dial. | 

60. The moon’s axis is so nearly perpendicu- , 
lar to the ecliptic, that the sun never removes sen-_ 
sibly from her equator ; and the obliquity’ of her 
orbit, which is next to ‘nothing, as seen from the 
sun, cannot cause the sun to decline sensibly from 
her equator. Yet her inhabitants are not desti- How the 
tute of means for ascertaining the length of their id cow 
year, though their method and ours must differ : the length 
for we can know the length of our year by the hig 
return of our equinoxes ; but the lunarians, hav- 
ing always equal day and night, must have re- 
course to another method ; and we may suppose, 
they measure their year by observing when either 
of the poles of our earth begins to be enlighten- 
ed, and the other to disappear, which is always 
at our equinoxes ; they being conveniently situat- 
ed for observing great tracks of land about our 
earth’s poles, which are entirely unknown to us. _. 
Hence we may conclude, that the year is of the 
same absolute length both to the earth and moon, 
though very different as to the number of days ; 
we having 865; natural days, and the lunarians 
only 12,453 every day and night in the moon be- 
ing as long as 292 on the earth. 

63. The moon’s inhabitants on the side nextand the lon 
the earth may as easily find the longitude of their 5 feieoan 
places as we can find the latitude of ours; for 
the earth keeping constantly, or very nearly so, 
"over one meridian of the moon, the east or west 


# 
nt 


+ The moon’s orbit crosses the ecliptic in two opposite 
points, called the moon's nodes; so that one half of her 
orbit is above the ecliptic, and the other half below it. The 
angle of its obliquity is 5 degrees. ee 


>a 


CHAP. 


° 


Mars. 
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distances of places from that meridian are as easily 
found, as we can find our distance from the equa- 
tor by the altitude of our celestial poles. 

64. The planet Mars is next in order, being 


the first above the earth’s orbit. His distance 


Fig r. 


His atmo- 
sphere and 
phases. 


How the 
other pla- 


nets appear 


24,000 miles asunder. | 


from the sun is computed to be 125,000,000 of 
miles ; and by travelling at the rate of 47,000 
miles every hour, as in the circle ¢, he goes 
round the sun in 686 of our days and 28 hours, 
which is the length of his year, and contains 6672 
of his days ; every day and night together being 
40 minutes longer than with us. His diameter is 
4,444 miles ; and by his ‘diurnal rotation the in- 
habitants about his equator are carried 556 miles 
every hour. His quantity of light and heat is 
equal but to one half of ours; and the sun ap- 
pears but half as big to him as to us. 

65. This planet being but a fifth part so big as 


the earth, if any moon attends him, she must be 


very small, and has not yet been discovered by 
our best telescopes. He is of a fiery red colour, 
and by his appulses to some of the fixed stars, 
seems to be encompassed by a very gross atmo- 
sphere, He appears sometimes gibbous, but ne- . 
ver horned, which both shews that his orbit in- 
cludes the earth’s within it, and that he shines 
not by his own light. 

66. To Mars, our earth and moon appear like 
two moons, a bigger and a less ; changing places 
with one another, and appearing sometimes horn- 
ed, sometimes half or three quarters illuminated, 
but never full; nor at most above one quarter 
of a degree from each other, although they are 


“67. Our earth appears almost as big to Mars 


as Venus does to us, and at Mars it 1s never seen 


te Mar, above 48° from the sun; sometimes it appears 
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to pass over the disc of the sun, and so do. cHap. 
Mercury and Venus; but Mercury can never be, 
seen from Mars by such eyes as ours, unassisted 
by proper instruments ; and Venus will be as sel- 
dom seen as we see Mercury. Jupiter and Saturn 
are as visible to Mars as to us. His axis is per- 
pendicular to the ecliptic, and his orbit is two de- 
_ grees inclined to it.” 
68 Jurirer,* the biggest of all the planets, is Jupiter: 
still higher in the system, being about 426  mil- 
lions of miles from the sun: and going at the rate 
of 25,000 miles every hour in his orbit, as. 
in the circle, finishes his annual period in eleven Fig. I. 
of our years 314 days and 12 hours. He is above 
1000 times as big as the earth, for his diameter 
is 81,000 miles ; which is more than ten times 
the diameter of the earth. 


56 minutes, so that his year Serie 10 470! ‘oapod athe 
days ; and the diurnal velocity of his equatorial 
‘parts is greater than the swiftness with which he 
moves in his annual orbit; a singular circumstance 
as far as we know. By this prodigious quick 
rotation, his equatorial inhabitants are car- 
ried 25,920 miles every hour, (which is 920 


. 


About the commencement of the present ceritury, with- 
' inthe space of a few years, three new planets, Cergs. Pat- 
Las, and Juno, have been added to the solar system. They 
are placed between the orbits of Mars and Ji upiter, and differ 
from the other bodies of the system in their size and ap- 
_ pearance, as well as in the form and position of their orbits. 
See the Supplenientaty chapter in Vol. ii, on the New 
Planets.—Ep. 

3See the Supplementary Chapter in, Vol. ii, On the 
Discoveries respecting Jupiter and Saturn, &c.—Enp. 
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miles an hour more than an inhabitant of our 
earth’s equator moves in 24 hours), besides the 
25,000 above mentioned, which is common to 
all parts of his surface, by his annual motion. 
70. Jupiter is surrounded by faint substances, 
called belts, in which so many changes appear, 
that they are generally thought to be clouds ; for 
some of them have been first interrupted and brok- 
en, and then have vanished entirely. ‘They have 
sometimes been observed of different breadths, 
and afterwards have all become nearly of the same 
breadth. Large spots have been seen in these 


belts ; and when a belt vanishes, the contiguous 


spots disappear with it. The broken ends of some 
belts have been generally observed to revolve in 
the same time with the spots, only those nearer 
the equator in somewhat less time than those near 
the poles ; perhaps on account of the sun’s great- 
er heat near the equator, which is parallel to the 


belts and course of the spots. Several large spots, 


which appear round at one time, grow oblong by 
degrees, and then divide into two or three round 
spots. ‘The periodical time of the spots near the 
equator is 9" 50", but of those near the poles, 
9° 56". See Dr. Smith’s Optics, § 1004, 
et seq. 


cular to ‘his orbit, that he has no sensible change 
of seasons ; which is a great advantage, and wise- 
ly ordered by the author of nature: for, if the 
axis of this planet were inclined any considerable 
number of degrees, just so many degrees round 
each pole would in their turn be almost six of our 
years together in darkness. And, as each degree 
of a great circle on Jupiter contains 706 of -our 


71. The axis of Jupiter is so nearly perpendi- 


‘ 


miles at a mean rate, it is easy to judge what vast — 
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tracts of land would be rendered uninhabitable CHAP. 
by any considerable inclination of his axis. | 

72. The sun appears but =*; part so big to Ju- 
piter as to us; and his light and heat. are in the 
same small proportion, but compensated by the 
quick returns thereof, and by four moons, (some buthas four 
bigger and’ some less than our earth) which re-™°on* 
volve about him : so that there is scarce any part 
of this huge planet but what is during the whole 
night enlightened by one or more of these moons, 
except his poles, whence only the farthest moons 
can be seen, and where light is not there wanted, 
because the sun constantly circulates in or near 
the horizon, and is very probably kept in view of 
both poles by the refraction of Jupiter’s atmo- 
sphere, which, if it be like ours, has certainly re- 
fractive power enough for that purpose. 

73. The orbits of these moons are represent- Their pe- 
ed in the scheme of the solar system by four small sinenionngr4 
circles marked 1, 2, 3, 4, on Jupiter’s orbit 1 ; 
but they are drawn fifty times too large in pro- 
portion toit. ‘The first moon, or that nearest to 
Jupiter, goes round him in 1% 18 and 36” of our 
time, and is 229,000 miles distant from his cen- 
tre: the second performs i its revolution in 3° 13" 
and 15”, at 364,000 miles distance : the third in 
7° 3° and 59", at the distance of 580,000 miles : 
and the fourth, or outermost, in 16° 18° and 
30", at the distance of 1,000,000 of miles from 
his centre. | 

74. The angles under which the orbits of Ju- Parallax of 
piter’s moons are seen from the earth, at its mean j"">"* 
distance from Jupiter, are as follow: The first, tances from 
3/55"; the second, 6’ 14’; the third, 9’ 58/7 ; J7PMr. 
and the fourth, 17 30”. And their distances appears to 


4 c 
from Jupiter, measured by his semidiameters, are moon. 


C2 
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cHAP. thus: The first, 53; the second, 9; the third, 
Hl, 1422; and the fourth, 2522.4 This planet, seen 
from its nearest moon, appears 1000 times as 
large as our moon does to us, waxing and wean- 
ing in all her monthly shapes every 42% hours. 
b he grand 75. Jupiter’s three nearest moons fall into his 
iscoverics ° ° ° 
made by the Shadow, and are eclipsed in every revolution : 
rl NO but the orbit of the fourth moon is so much in- © 
moons.  Clined, that it passeth by its opposition to Jupiter, 
without falling into his shadow, two years in 
every six. By these eclipses, astronomers have 
not only discovered that the sun’s light takes up 
eight minutes of time in coming to us ; but they 
have also determined the longitudes of places on 
this earth with greater certainty and facility than 
by any other method yet known, as shall be ex- 
plained in the eleventh chapter. 

‘The great 76. The difference between the equatorial and 
difference Holar diameters of Jupiter is 6230 miles ; for his 
the equato- equatoreal diameter is to his polar, as 13 to 12; 
a: ale so that his poles are 3115 miles nearer his cen- 
metersof tre than his equator is.’ This results from his 
J8pier- guick motion round his axis; for the fluids, to- 
gether with the light particles, which they can 
carry or wash away with them, recede from the 
poles which are at rest, towards the equator where 
the motion is quickest, until there be a sufficient 
number accumulated to make up the deficiency of 
gravity occasioned by the centrifugal force, which 
always arises froma quick motion round an axis : 
and when the deficiency of weight or gravity of 
the particles is made up by a sufficient accumula- 
The differ-tion, there is an equilibrium, and the equatorial 

ence little ih dye ° . 
in those of Parts rise no higher. Our earth being but a very 


our earth, 


4Cassini Elemens d'Astronomie, liv. ix, chap. 2. 
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small planet compared to Jupiter, and its motion: CHAP. 
on its axis being much slower, it is less flattened 
of course: for the difference between its equa- 
toreal and polar diameters is only as 230 to 229, 
namely, 36 miles. 

77. Jupiter’s orbit is 1° 20’ inclined to the Place of 
ecliptic. His north node is in the 7™ ° of Cancer, "* "°*** 
and his south node in the 7" ° of Capricorn. 

78. SATURN, § the most remarkable of all the Saturn. 
planets, is about 780,000,000 of miles from the 
sun ; and, travelling at the rate of 18 5000 miles 
every hott; as in the circle fiat ided H, per- Fig. 1, 
forms its annual circuit in 29’ 167° and 5° 
of our time, which makes only one year to 
that planet. Its diameter 1s 67,000 miles, and 
therefore it ts near 600 times as big as the earth. 

79. This planet is surrounded by a thin broad rare 1, 
ring, as an artificial globe is by a horizon. The (" * 
ring appears double when seen through a good _ 
telescope, and is represented by the figure in such 
an oblique view as it is generally seen. It is in- 


ail 


* According to the French measures, a degree of the me- 
ridian at the equator contains 340606.68 French feet: and 
a degree of the meridian in Lapland contains 344627.40: 
so that a degree in Lapland is 4020.72 French feet (or 
4280.02 English feet ) longer than a degree at the equator. 
The difference is 83, parts of an English mile. Hence, the 
earth’s equatorial diameter contains 39386196 French feet, 
or 41926356 English, and the polar chamicter 39202920 
French feet, or 41731272 English. * 

So that the equatorial diameter is 195084 English feet, 
36.048 English miles longer than the axis. 

5 See the Supplementary chapter im Vol. ii, on the New 
Discoveries concerning Jupiter and Saturn, &c. 

* From a comparison of the length of di erent degrees of the me- 
ridian lately measured, it appears that the compression at the earth's 
poles is only r 300"; and since the diameter of the earth at the equa- 
tor is7934 ;-10" English miles, iis diameter at the poles will be 7908 
5-10" miles, and the difference between these diameters, 26 9-10 ”. 
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GHAR: clined 30° to the ecliptic, and is about 21,000 


His five 
~ moons, 


Fig, I. 


miles in breadth, which is equal to its dis- 
tance from ania on all sides. There is rea- 
son to believe that the ring turns round its axis, 
because, when it is almost edge-ways to us, it ap- 


_ pears somewhat thicker on one side of the planet 


than on the other ; and the thickest edge has been 
seen on different sides at different times. But Sa- 
turn having no visible spots on his body, where- 
by to determine the time of his turning round his 
axis, the length of his days and nights, and the 
position of his axis, are unknown to us. 

80. To Saturn, the sun appears only +>" part 
so big as to us, and the light and heat he receives 
from the sun are in the same proportion to ours. 
But to compensate for the small quantity of sun- 
light, he has five moons, all going round him on 
the outside of his ring, and nearly in the same 
plane with it. The first, or nearest moon to 
Saturn, goes round’him in 14 21° 19%, Cs is 
140,000 miles from his centre: the second, 
2° 17> 40", at the distance of 187,000 miles : He 
third, in 4° 12" 25", at 263,000 miles distance : 
the rae in 15722 41, at the distance of 
600,000 miles: and the fifth, or outermost, at 
1,800,000 miles from Saturn’s centre, goes round 
him in 79. ‘7° 48", "Their orbits in the scheme 
of the solar system are represented by the five 
small circles, marked 1, 2, 3, 4, 5, on Saturn’s 
orbit ; but these, like the orbits of the other sa- 
tellites, are drawn fifty times too large in propor- 
tion to the orbits of their primary planets. 

81. The sun shines almost 15 of our years 
together on one side of Saturn’s ring without set- 
ting, and as long on the other in its turn ; so that 
the ring is visible to the inhabitants of that planet 
for almost 15 of our years, and as long Invis- 


1 th 
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ible by turns, if its axis has)no inclination to its CHAP: 
ring: but if the axis of the planet be inclined to. 
the ring, suppose about 30°, the ring will appear pis axis _ 
and disappear once every natural day to all the in- probab! 
habitants within 30° of the equator, on both sides, his ting. 
frequently eclipsing the sun in a Saturnian day. 
Moreover, if Saturn’s axis be so inclined to his 
ring, it is perpendicular to his orbit, and thereby 
the inconvenience of different seasons to that plan- 
et is avoided ;* for considering the length of 
Saturn’s year, which is almost equal to 30 of ours, 
what a dreadful condition must the inhabitants of 
his polar regions be in, if they be half, that time 
deprived of the light and heat of the sun ?, which 
is not their case alone, if the axis of theplanet be, 
perpendicular to the ring, for then the ring must 
hide the sun from vast tracts of land on each side 
of the equator for 13 or 14 of our years toge- 
ther, on the south side and north side by turns, as 
the axis inclines to or from the sun; the reverse 
of which inconvenience is another good presump- 
tive proof of the inclination of Saturn’s axis to its 
ring, and also of his axis being perpendicular to 
his orbit. fgg ace? 
82. This ring, seen from Saturn, appears like How the 

a vast luminous arch in the heavens, as if it did 008 °F «.. 
not belong to the planet. When we see the ring turn and to 
most open, its shadow upon the planet is broad-“* 
est ; and from that time the shadow grows nar- 
rower, as the ring appears to do to us; until, by 
Saturn’s annual motion, the sun comes to the 

plane of the ring, or even with its edge; which 


9 The axis of Saturn is perpendicular to the plane of 
his double ring, which revolves along with the planet in 
10" 16° 23,—Ep, 
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CHAP. being then directed towards us, becomes invisible 
on account of its thinness, as shall be explained 
more largely in the tenth chapter, and illustrated 

Yawhat bya figure. The ring disappears twice in every 
signs Sa-_ annual revolution of Saturn, namely, when he is 
pearsto in the 19° both of Pisces and of Virgo. And 
vee his, when Saturn is in the middle between these 
towhat points, or in the 19° either of Gemini or of 
ees * 8p" Sagittarius, his ring appears most open to us 
open to us. and then its longest diameter is to its shortest, as 


9 to 4. 
No planct 83. To such eyes as ours, unassisted byi instru. 
car he scert Menten Jupiter i is the only planet that can be seen 
gaa opis from Saturn, and Saturn the only planet that can 
any from» De seenfrom Jupiter ; so that the inhabitants of 
tides Jape these two planets must either see much farther 
‘er, ° than we do, or have equally good instruments to 
| carry their sight to remote objects, if they know 
that there is such a body as our earth in the uni- 
verse : for the earth is no bigger seen from Jupi- 
ter, than his moons are seen from the earth ; and 
if his large body had not first attracted our sight, 
and prompted our curiosity to view him with a 
telescope, we should never have known any thing 
of his moons, unless by chance we had directed 
the telescope toward that small part of the heavens 
where they were at the time of observation. And 
the like is'true of the moons of Saturn. 
Blase of nk 84,040 he orbit of Saturn is 2 2° inclined to the 
nodes. ecliptic, or orbit of our earth, and intersects it in 
the 21° of Cancer and of Capricorn ; ; so that 
Saturn’s nodes are ony 14° from Jupiter’ Sy 


§ 77.2 


“a 


® Inthe year 1781, Dr. eisboeuelt diededtea a new 


planet, without the orbit of Saturn, and called it the Geor- 
sium 
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85. The quantity of light afforded by the sun CHAP. 
to Jupiter being but =, part, and to Saturn only __'* 
= part, of what we enjoy ; may at first thought The sun's 
induce us to believe that these two planets are en- light much 


tirely unfit for rational beings to dwell upon. 
But, that their light is not so weak as we imagine, 
is evident from their brightness in the night-time ; 
and also from this remarkable phenomenon, that 
when the sun isso much eclipsed to us, as to have 
only the 40" part of his disc left uncovered by 
the moon, the decrease of light is not very sens- 
ible: and just at the end of darkness in total 
eclipses, when his western limb begins to be vis- 
“ible, and seems no bigger than a bit of fine silver 
wire, every one is surprised at the brightness 
wherewith that small part of him shines. The 
‘moon when full affords travellers light enough to 
keep them from mistaking their way; and yet, 
according to Dr. Smith,* it is equal to no more 
than a 90,000" part of the light of the sun : that 
is, the sun’s light is 90,000 times as strong as the 
light of the moon when full.* Consequently, 
the sun gives a 1000 times as much light to 
Saturn as the full moon does to us, and above 
3000 times as much to Jupiter. So that these 
two planets, even without any moons, would be 
much more enlightened than we at first imagine ; 


gium Sidus, in honour of his majesty. A full account of 
this disovery will be found in the Supplementary chapter 
in Volume ii, on the New Planets. —Ep. - 

* Optics, Art. 95. 

* By comparing the light of the moon with that of a 
wax taper, whose illuminating power was known by the 
photometer, Mr. Leslie found, that the illuminating power — 
of the sun is 150,0CO times greater than that of the moon. 

, Bonguer made it 300,000 times greater,—Eb. 
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and by having so many, they may be very com- 
fortable places of residence. ‘Their heat, so far 
as it depends on the force of the sun’s rays, is 
certainly much less than ours, to which no doubt 
the bodies of their inhabitants are as well adapted 
as ours are to the seasons we enjoy. And if we 
consider, that Jupiter never has any winter, even 
at his poles, which probably is also the case with 
Saturn, the cold cannot be so intense on these two 
planets as is generally imagined. Besides, there 
may be something in the nature of their mould 
warmer than in that of our earth: and we find 
that all our heat depends not on the rays of the 
sun ; for if it did, we should always have the same 
months equally hot or cold at their annual re- 
turns. But it is far otherwise, for February is | 
sometimes warmer than May ; which must be ow- 
ing to vapours and exhalations from the earth. 
86. Every person who looks upon and com- 
pares the systems of moons together, which be- 
long to Jupiter and Saturn, must be amazed at 
the vast magnitude of these two planets, and the 
noble attendance they have in respect of our little 
earth ; and can never bring himself to think, that 
an infinitely wise creator should dispose of all his 
animals and vegetables here, leaving the other 
planets bare and destitute of rational creatures. 


it is highly To suppose that he had any view to our benefit, 


robable 


vat all the Creating these moons, and giving them their 
planets are motions round Jupiter and Saturn; to imagine 


inhabited. 


that he intended these vast bodies for any advan- 
tage to us, when he well knew that they could. 
never be seen but by a few astronomers peeping 
through telescopes ; and that he gave to the plan- 
ets regular returns of days and nights, and difter- 
ent seasons to all where they would be conve- 
nient, but of no manner of service to us; except 


9 
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only what immediately regards our own planet ee. 
the earth ; to imagine, I say, that he did all this, 
on our account, would be charging him impious- 
ly with having done much in vain : and as absurd, 
as to imagine that he has created a little sun and 
a planetary system within the shell of our earth, 
and intended them for our use. These consider- 
ations amount to little less than a positive proof, 
that all the planets are inhabited : for if they are 
not, why all this care in furnishing them with so 
many moons, to supply those with light which are 
at the greater distances from the sun? Do we not 
see, that the farther a planet is from the sun, the 
‘greater apparatus it has for that purpose? save 
only Mars, which being but a small planet, may 
have moons too small to be seen by us. We 
know that the earth goes round the sun, and 
turns round its own axis, to produce the vicissi- 
tudes of summer and winter by the former, and 
of day and night by the latter motion, for the be- 
nefit of its inhabitants. May we not then fairly 
conclude, by parity of reason, that the end and 
design of all the other planets is the same? and 
is not this agreeable to the beautiful harmony 
which exists throughout the universe? Surely it 
is ; and raises in us the most magnificent ideas of 
the Supreme Being, who is everywhere, and at 
all times present; displaying his power, wisdom, 
and goodness, among all his creatures! and dis- 
tributing happiness to innumerable ‘ranks of va- 
rious beings ! 

87. In Fig. 2, we have a view of the propor- rig. 2, 
tional breadth i: the sun’s face or disc, as seen Huw ae: 
from the different planets. The sun is repre- pears to 
sented N°. 1, as seen from Mercury ; N®. 2, as <iicrent 

js planets 
seen from Venus ; N°. 3,as seen from the earth ; 


, 


CHAP. 
Il. 


Fig. 3. 


Fig. 4. 


Fig. 5. 
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N°. 4, as seen from Mars ; N°. 5, as seen from 
Jupiter ; and N°. 6, as seen from Saturn. 

Let the circle B be the sun as seen from any 
planet at a given distance; to another planet, at 
double that distance, the sun will appear just of 
half that breadth, as 4; which contains only one 
fourth part of the area or surface of B. For, all 
circles, as well as square surfaces, are to one ano- 
ther as the squares of their diameters. “Thus, the 
square is just half as broad as the square B ; 
and yet it is plain to sight, that B contains four 
times as much surface as 4. Hence, by com- 
paring the diameters of the above circles (Fig. 2) 
together, it will be found, that in round numbers, 
the sun appears seven times larger to Mercury 
than to us, 90 times larger to us than to Saturn, 
and 630 times as large to Mercury as to Saturn. 

88. In Fig. 5", we have a view of the bulks 


_ of the planets in proportion to each other, and to 


Proportice 
nal bulks 
and distan 
ces of the 
planets. 


a supposed globe of two feet diameter for the sun. 
The earth is 27 times as big as Mercury, very 
little bigger than Venus, 5 times as big as Mars ; 
but Jupiter is 1049 times as big as the earth, Sa- 
turn 580 times as big, exclusive of his ring ; and 
the sun is 677,650 times as big as the earth. 
If the planets in this figure were set at their due 
distances from a sun of two feet diameter, ac- 
cording to their proportional bulks, as in our sys- 
tem, Mercury would be 28 yards from the sun’s 
centre ; Venus, 51 yards 1 foot; the Earth, 70 
yards 2 feet; Mars, 107 yards 2 feet ; Jupiter, 
370 yards 2 feet ; and Saturn, 760 yards 2 feet ; 
the comet of the year 1680, at its greatest dis- 
tance, 10760 yards. In this proportion, the 
moon’s distance from the centre of the earth 
would be only 7= inches. 
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89. To assist the imagination in forming an CHAP. 
idea of the vast distances of the sun, planets, and" 
stars, let us suppose, that a body projected from An idea of 
the sun should continue to fly with the swiftness their dis 
of a cannon-ball, i. e. 480 miles every hour; this” 
body would reach the orbit of Mercury in 7 
years 221 days; of Venus, in 14 years 8 days ; 
of the earth, in 19 years 91 days; of Mars, in 
29 years 85 days; of Jupiter, in 100 years 280 
days; of Saturn, in 184 years 240 days; to the 
comet of 1680, at its greatest distance trom the 
sun, in 2660 years ; and to the nearest fixed stars 
in about 7,600,000 years. 

- 90. As the earth is not in the centre of the why the 
orbits in which the planets move, they come eeapebeiad 
nearer to it and go farther from it at different and less at 
times ; on which account they appear bigger and @#¢re"" 
less by turns. Hence, the apparent magnitudes 

of the planets are not always a certain rule to 

know them by.? 

91. Under Fig. 3, are the names and characs 
ters of the 12 signs of the zodiac, which the read- 
er should be perfectly well acquainted with, so as 
to know the characters without seeing the names. 

Each sign contains 30°, as in the circle bounding Fig. «. 


3 The planets may be distinguished from one another 
by their difference of colour, and some of them by their 
position with regard to the sun. ‘The planet Venus emits 
a beautiful white light; she twinkles when she is not 
far from the sun, and can never be seen above three or four 
hours after sun-set ; she is therefore to be looked for in the 
western part of the horizon after the sun sets, or in the 
eastern part of it before he rises. Mars is of a red fiery 
colour, and apparently not so large as Venus and Jupiter. 
Jupiter shines with a white light; but is not so bright as 
Venus. Saturn appears less than Jupiter, and is of a dark 
red colour, but not so brilliant as Mars.—Ep. 
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cuar. the solar system, to which the characters of the 
, Signs are set in their proper places. 

The co. | 92. The comits are solid opaque bodies with 

mets. _ Jong transparent trains or tails, issuing from that 
side which is turned away from the sun.* ‘They 
move about the sun in very eccentric ellipses, and 
are of a much greater density than the earth ; for 
some of them are heated in every period to such 
a degree, as would vitrify or dissipate any sub- 
stance known to us. Sir Isaac Newton com- 
puted the heat of the comet which appeared in 
the year 1680, when nearest the sun, to be 
2000 times hotter than red hot iron, and that 
being thus heated, it must retain its heat. until 
it comes round again, although its period should 
be more than 20,000 years; and it is computed 
to be only 575. The method of computing the 
heat of bodies, keeping at any known distance 
from the sun, so far as their heat depends on the 
force of the sun’s rays, is very easy; and shall 
be explained in the eighth chapter. 

Fig. 1. 93. Part of the paths of three comets are de- 
lineated in the scheme of the solar system, and 
the years marked in which they made their ap- 

‘They prove pearance. It is believed that there are at least 

nat theo 21 comets belonging to our system, moving in 

planets are all sorts of directions: and all those which have 
nor solids been observed, have moved through the ethereal 
regions, and the orbits of the planets, without 
suffering the least sensible resistance in their mo- 
tions; which plainly proves that the planets do 
not move in solid orbs. Of all the comets, the 
Theperiods neriods of the above mentioned three only are 


onlyefthree n ; 
are known, Known with any degree of certainty. The first 


4 See the Supplementary chapter on comets, vol. 1i— 
‘Ep, 
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ef these comets appeared in the years 1531, CHAP. 
1607, and 1682; and is expected to appear, | 
again in the year 1758, and every 75" year af- 
terwards. The second of them appeared in 1532 : 
and 1661, and may be expected to return in 

1789, and every 129 year afterwards. The 

third, having last appeared in 1680, and its pe- 

riod being no less than 5'75 years, cannot return 

until the year 2225. ‘This comet, at its greatest 
distance, is about ~11,200,000,000 of miles 

from the sun; and at its least distance from the 

sun’s centre, which is 49,000 miles, is within 

less than a third part of the sun’s semidiameter 

from the surface. In that part of its orbit which 

is nearest the sun, it flies with the amazing swift- 

ness of 880,000 miles in an hour; and the sun, 

as seen from it, appears 100° in breadth; conse- 

quently 40,000 times as large as he appears to ~ 

us. The astonishing length that this comet runs They prove 
out into empty space, suggests to our minds anj2° 
idea of the vast distance between the sun and the mense dis- 
nearest fixed stars; of whose attractions all the“ 
comets must keep clear, to return periodically, 

and go round the sun; andit shews us also, that 

the nearest stars, which are probably those that 

seem the largest, are as big as our sun, and of 

the same nature with him; otherwise they could 

not appear so large and bright to us as they do 

at such an immense distance. 

94. ‘The extreme heat, the dense atmosphere, Inferences_ 
the gross vapours, the chaotic state of the comets, ederealncns.¢ 
seem at first sight to indicate them altogether un- phenomena. 
fit for the purposes of animal life, and a most 
miserable habitation for rational beings; and 
therefore some® are of opinion that they are so 


ee ee +e ee eee 


_* Mr, Whiston, in his Astronomical Principles of Reli- 
gion. | 
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cHap, many hells for tormenting the damned with pefs 
". —_ petual vicissitudes of heat and cold. But when 
“~ we consider, on the other hand, the infinite 
power and goodness of the Deity ; the latter in-: 
clining, the former enabling, him to make crea- 
tures suited to all states and circumstances; that 
matter exists only for the sake of intelligent be- 
ings; and that wherever we find it, we always 
find it pregnant with life, or necessarily subservi- 
ent thereto ; the numberless species, the aston- 
ishing diversity of animals in earth, air, water, 
and even on other animals; every blade of grass, 
every tender leaf, every natural fluid, swarming 
with life; and every one of these enjoying such 
gratifications as the nature and state of each re- 
quires. When we reflect, moreover, that some 
centuries ago, till experience undeceived us, a 
great part of the earth was adjudged uninhabit- 
able; the torrid zone, by reason of excessive 
heat, and the two frigid zones, because of their 
intolerable cold ; it seems highly probable, that 
such numerous and large masses of durable mat- 
ter as the comets are, however wnlike they be to 
our earth, are not destitute of beings capable of 
contemplating with wonder, and acknowledging 
with gratitude, the wisdom, symmetry, andbeauty, 
of the creation; which is more plainly to be ob- 
served in their extensive tour through the hea- 
vens, than in our more confined circuit. If far- 
ther conjecture is permitted, may we not suppose 
them instrumental in recruiting the expended 
fuel of the sun, and supplying the exhausted 
moisture of the planets? However. difficult it 
may be, circumstanced as we are, to find out 
their particular destination, this is an undoubted 
truth, that wherever the Deity exerts his power, 
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there he also manifests his wisdom and good- CHAP. 
ness. 

95. The solar system here Navaho is not @ Thissystem 
late invention ; for it was known and taught by very anci- 
the wise Samian philosopher Pythagoras, and mionstrabl 
others among the ancients: but in latter times 
was lost, till the 15 century, when it was again 
restored by the famous Polish ‘philosopher, 
Nicholaus Copernicus, who was born at Thorn 
in the year 1473. In this, he was followed by | 
the greatest mathematicians and philosophers 
that have since lived; as Kepler, Galileo, Des- 
cartes, Gassendus, and Sir Isaac Newton; the 
last of whom has established this system on such 
an everlasting foundation of mathematical and 
physical demonstration, as can never be shaken : 
and none who understand him can hesitate about 
it. 

96. In the Ptolemean system, the earth was The Ptole- 
supposed to be fixed in the centre of the universe ; ™°*", 9, 
and that the Moon, Mercury, Venus, the Sun, - 
Mars, Jupiter, and Saturn, moved round the 
earth: above the planets, this hypothesis placed 
the firmament of stars, and then the two 
chrystalline spheres; all which were included in 
and received motion from the primum mobile, 
which constantly revolved about the earth in 24 
hours from east to west. But as this rude 
scheme was found incapable to stand the test of 
art and observation, it was soon rejected by all 
true philosophers ; notwithstanding the opposi- 
tion and violence of blind and zealous bigots, 

97. ‘The Tychonic system succeeded the Pto- Phe trcls 
lemean system, but was never so generally re- partly trae 
ceived. In this the earth was supposed to stand 2n¢ pattly 
still in the centre of the universe or firmament — 
of stars, and the sun to revolve about it’every 
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¢HAP. 24 hours; the planets, Mercury, Venus, Mars, © 
_™; Jupiter, and Saturn, going round the sun in the 
times already mentioned. But some of Tycho’s 
disciples supposed the earth to have a diurnal 
motion round its axis, and the sun, with all the 
above planets, to go.round the earth in a year ; 
the planets moving round the sun in the foresaid 
times. ‘This hypothesis, being partly true and 
partly false, was embraced by few; and soon 
gave way to the only true and rational system, 
restored by Copernicus, and demonstrated by 
Sir Isaac Newton.° . : . 

98. To bring the foregoing particulars at once 
in view, with several others which follow, con- 
cerning the periods, distances, bulks, &c. of the 
planets, the following table is inserted. 


© Longomantanus, the friend and disciple of Tycho, 
supported a hypothesis different from these, and approach- 
ing nearer than the rest to the system of Copernicus. He 
maintained, with Ptolemy, that the earth was the centre 
of the universe ; and with Tycho, that all the planets re- 
volved round the sun, placed in one of the foci of their 
elliptical orbits: but he held with Copernicus, that the 
diurnal motion of the heavenly bodies arose from the ro- 
tation of the earth upon its axis, and thus got rid of one 
of the strongest objections to the system of his friend and 
master. ‘This system explains, in a satisfactory manner, all 
the general astronomical phenomena,—Ep. ; 
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CHAP, Ill, 


“THE COPERNICAN SYSTEM DEMONSTRATED TO BE 
TRUE. | 


CHAP. 99. Marrer is of itself inactive, and indiffer- 
iil. ent to motion or rest. A body at rest can never 
Of matter put itself in motion; a body in motion can ne- 
and motion. yer stop or move slower of itself. Hence, when 
we see a body in motion, we conclude some 
other substance must have given it that motion ; 
when we see a body fall from motion to rest, we 

conclude some other body or cause stopt it. 
100. All motion is naturally rectilineal. <A 
bullet thrown by the hand, or discharged from a 
cannon, would continue to move in the same di- 
rection it received at first, if no other power di- 
verted its course, Therefore, when we see a 
body moving in a curve, of whatever kind, we 
conclude it must be acted upon by two powers 
at least: one to put it in motion, and another 
drawing it off from the rectilineal course in which 

; it would otherwise have continued to move. 
abt ai 101. The power by which bodies fall towards 
“the earth, is called gravity or attraction. By this 
power in the earth it is, that all bodies, on what- 
ever side, fall in lines perpendicular to its surface. 
On opposite parts of the earth, bodies fall in op- 
posite directions, all towards the centre, where 
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the whole force of gravity is as it were accumu- CHAP. 
lated. By this power constantly acting on bodies 
near the earth, they are kept from leaving it al- 
together ; and those on its surface are kept there- 
to on all sides, so that they cannot fall from it. 
Bodies thrown with any obliquity are drawn by 
this power from a straight line into a curve, until 
they fallto the ground : the greater the force by 
which they are thrown, the greater is the dis- 
tance they are carried before they fall. If we 
_ suppose a body carried several miles above the 
earth, and there projected in an horizontal direc- 
tiori, with so great a velocity, that it would move 
more than a semidiameter of the earth, in the 
time it would take to fall to the earth by gravity ; 
in that case, if there were no resisting medium in 
the way, the body would not fall to the earth at 
all, but continue to circulate round the earth, 
keeping always the same path, and returning to 
the point from whence it was projected, with the 
same velocity as at first. hs 
i02. We find the moon moves round the Projectile 
earth in an orbit nearly circular. The moon, fr °,, 
therefore, must be acted on by two powers or 
forces ; one of which would cause her to move in 
a right line, another bending her motion from 
that line into acurve. This attractive power must 
be seated in the earth, for there is no other body 
within the moon’s orbit to draw her.’ ‘The at- 


7 Ifthe moon revolve in her orbit, in consequence of an 
attracting power residing in the earth, she ought to be 
attracted as much from the tangent of her orbit in a mie- 
nute. as heavy bodies fall at the earth’s surface iri a second 
of time. Accordingly, it is found by calculation, that the ; 
moon is deflected from the tangent, 16.09 feet in a minute, 
which is the very space through which heavy bodies de- 
scend in a second of time at the earth’s surface-En. 
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CHAP. tractive power of the earth, therefore, extends to 
HM. _ the moon; and, in combination with her projec- 
tile force, causes her to move round the earth in 
- the same manner as the circulating body above 
supposed. | 
vhe sun. 193.. The moons of Jupiter and Saturn are 
and planets . ‘ ‘ 
attract each ODServed to.move round their primary planets : 
other. therefore there is an attractive power in these 
planets. All the planets move round the sun, 
and respect it for their centre of motion: there- 
fore the sun must be endowed with an attract- 
ing power, as well as the earth and planets. The 
dike may be proved of the comets. So that all 
the bodies or matter of the solar system are pos- 
sessed of this power; and perhaps so is all mat- 
ter whatsoever. ° | 
104. As the sun attracts the planets with their 
satellites, and the earth the moon, so the planets 
and satellites reattract the sun, and the moon the 
earth ; action and reaction being always equal. 
This is also confirmed by observation; for the 
moon raises tides in the ocean, the satellites and 
planets disturb one another’s motions. 


§ The doctrine of universal gravitation has been com- 
pletely proved by the deviation of the plumb lines of qua- 
drats from the perpendicular, when placed in the vicinity of 
large and selid mountains. When the French astronomers, 
Bouger and Condamine, were in Peru, they found that 
the large mountain Chimboraco, attracted the plumb line 
of the quadrant 8” from its perpendicular position ; and it 
appears from Dr. Maskelyne’s experiments on Shehallien in 
Perthshire, that the deviation amounted in this case to 
6’. See Phil. Trans. 1775, vol. lxv, p. 2. Mr. Cavendish 
suspended by a wire two leaden balls, fixed at the extrem- 
ities of a wooden rod, and found that they were sensibly 
attracted, when two large masses of lead were placed at 
different distances from them.—Ep. | 
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105. ‘Every particle of matter being possessed ie ad 
of an attracting power, the effect of the whole" 
must be in proportion to the number of attract- 
ing particles: that is, to the quantity of matter 
in the body. This is demonstrated from experi- 
ments on pendulums: for, if they are of equal 
lengths, whatever their weights be, they always 
vibrate in equal times. Now, if one be double 
the weight of another, the force of gravity or at- 
traction must be double, to make it oscillate with 
the same celerity: if one is thrice the weight or 
quantity of matter of another, it requires thrice 
the force of gravity to make it move with the 
same celerity.. Hence it is certain, that the 
power of gravity is always proportional to the 
quantity of matter in bodies, whatever their bulks 
or figures are. 

106. Gravity also, like all other virtues or 
emanations, either drawing or impelling:a body 
towards a centre, decreases as the square or the 
distance increases: that is, a body at twice the 
distance attracts another with only a fourth part 
of the force; at four times the distance, with a 
sixteenth part of the force. This too is confirm- 
ed from observation, by comparing the distance 
which the moon falls in a minute from a right. 
line touching her orbit, with the space which 
bodies near the earth fall-in the same time :* and 
also by comparing the forces which retain Jupi- 
ter’s moons in their orbits. This will be more 
fully explained in the seventh chapter. 

107. ‘The mutual attraction of bodies may be Gravitation 
exemplified by a boat and a ship on the water, tion pxcn- 
tied by arope. Let a man, either in a ship or plified. 
boat, pull the rope (it 1s the same in effect at 
which end he pulls, for the rope will be equally 


® See page 53, note.—Ep. 
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CHAP. stretched throughout), the ship and boat will be 
*__, drawn towards one another; but with this dif- 
ference, that the boat will move as much faster 
than the ship, as the ship is heavier than the boat. 
Suppose the boat as heavy as the ship, and they 
will draw one another equally (setting aside the 
greater resistance of the water on the bigger 
body), and meet in the middle of the first, distance 
between them. If the ship is 1,000 or 10,000 
times heavier than the boat, the boat will be 
drawn 1,000 or 10,Q00 times faster than the 
ship; and meet proportionably nearer the place 
from which the ship set out. Now, whilst one 
man pulls the rope, endeavouring to bring the 
ship and boat together, let another man, in the 
- sboat, endeavour to row it off sideways, or at 
. right angles to the rope; and the former, instead 
of being able to draw the boat to the ship, will 
find it enough for him to keep the boat from go- 
_ ing further off; whilst the latter, endeavouring 
to row off the boat in a straight line, will, by 
means of the other’s pulling it towards the ship, 
row the boat round the ship at the rope’s length 
from her. Here the power employed to draw 
the ship and boat to one another, represents the 
mutual attraction of the sun and planets, by which 
the planets would fall freely towards the sun with 
a quick motion; and would also in falling at- 
tract the sun towards them.. And the power 
employed to row off the boat, represents the pro- 
jectile force impressed on the planets at right 
angles, or nearly so, to the sun’s attraction; by 
which means the planets move round the sun, 
and are kept from falling to it. On the other 
hand, if it be attempted to make a heavy ship go 
round a light boat, they will meet sooner than 
the ship can get round; or the ship will drag 

the boat after it. : , 

\ 
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108. Let the above principles be applied to the CHAP. 
sun and earth; and they will evince, beyond a 
possibility of sine that the sun, not the earth, 
is the centre of the system ; and that the earth 
moves round the sun as the other planets do. 

For, if the sun moves about the earth, the 
earth’s attractive power must draw the sun to- 
wards it from the line of projection, so as to bend 
its motion into a curve. But the sun being at 
least 227,000 times as heavy as the earth, by be- 
ing so much weightier, as its quantity of matter 
is greater, it must move 227,000 times as slowly 
toward the earth, as the earth does toward the 
sun; and, consequently, the earth would fail to 
the sun in a short time, if it had not a very strong 
projectile motion to carry it off. The earth, there- 
fore, as well as every other planet in the system, 
must have a rectilineal impulse, to prevent its 
falling into the sun. Too say, that gravitation re- Theabsttd 
tains all the other planets in their orbits without pane ths 
affecting the earth, which is placed between the «th 
orbits of Mars and Venus, is as absurd as to sup- 
pose that 6 cannon bullets might be projected 
upwards to different heights in the air, and that 5 
of them should fall down to the ground; but 
the 6", which is neither the highest nor the ‘lows 
est, should remain suspended in the air without 
falling, and the earth move round about it. 

109. There is no such thing in nature as a 
heavy body moving round a light one as its cen- 
tre of motion. A pebble fastened to a mill-stone 
by a string, may, by an easy impulse, be made 
to circulate round the mill-stone: but no im- 
pulse can make a mill-stone circulate round a 
loose pebble, for the mill-stone would go off, and 
carry the pebble along with it. 

110. The sun is so immensely bigger. and 
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cap. heavier than the earth,* that if he was moved out 
NM _ of his place, not only the ear th, but all the other 
planets, if they were united into one mass, would 
be carried along with the sun, as the pebble 
would be with the mill-stone. — 
111. By considering the law of gravitation, 
which takes place throughout the solar system, 
in another light, it will be evident that the earth 
moves round the sun in a year, and not the sun 
round the earth. It has been shewn (§ 106) 
oar that the power of gravity decreases as the square 
the celestial Of the distance increases; and from this it fol- 
motions. ows, with mathematical certainty, that when two 
or more bodies move round another as their cen- 
tre of motion, the squares of their periodic times 
will be to one another in the same proportion, as 
the cubes of their distances from the central body. 
Kepler’s This holds precisely with regard to the planets 
rules round the sun, and the satellites round the 
planets; the relative distances of all which are 
well known. But, if we suppose the sun to move 
round the earth, and compare its period with the 
moon’s by the dbve rule, it will be found that 
the sun would take no less than 173,510 days 
to move round the earth, in which case our year 
would be 475 times as ‘long as it now is. To 
this we may add, that the aspects of increase and 
decrease of the planets, the times of their seem- 
ing to stand still, and to move direct and retro- 
grade, answer precisely to the earth’s motion ; 
but not at all to the sun’s, without introducing 
the most absurd and monstrous suppositions, 
which would destroy all harmony, order, and 
simplicity inthe system. Moreover, if the earth 


9 As will be demonstrated in the ninth chapter. 
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be supposed to stand still, and the stars to re- CHAP. 

volve in free spaces about the earth in 24 hours, 

it is certain that the forces by which the stars re- 

volve in their orbits are not directed to the earth, : 

but to the centres of the several orbits; that is, The absur- 
. : ; dity of sup-. 

of the several parallel circles which the stars on posing the 

different sides of the equator describe every day : str 2n¢ 

and the like inferences may be drawn from the moveround 

supposed diurnal motion of the planets, since they ‘"* ¢"""- 

are never in the equinoctial but twice, in their 

courses with regard to the starry heavens. But, 

that forces should be directed to no central body, 

on which they physically depend, but to innu- 

merable imaginary points in the axis of the earth 

produced to the poles of the heavens, is an hy- 

pothesis too absurd to be entertained by any ra- 

tional creature. And it is still more absurd to 

imagine, that these forces should increase exactly 

in proportion to the distances from this axis ; 

for this is an indication of an increase to infinity ; 

whereas the force of attraction is found to de- 

- crease in receding from. the fountain from whence 

it flows. But the farther any star is from the 

_ quiescent pole, the greater must be the orbit 

which it describes ; and yet it appears to go round 

in the same time as the nearest star to the pole 

does. And if we take into consideration the 

two-fold motion observed in the stars, one diur- 

nal round the axis of the earth in 24 hours, and 

the other round the axis of the ecliptic in 25,920 

years, § 251, it would require an explication of 

such a perplexed composition of forces, as could 

by no means be reconciled with any physical 

theory. * 


* The striking difference between the light of the fixed 
stars and that of the planets, is a strong proof that the 
former 
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CHAP 112, There is but one objection of any weight 
i. that can be made against the earth’s motion round 
Objections the sun; which is, that in opposite points of the 
against the earth’s orbit, its axis, which always keeps a pa- 
earth’s Moe : . : : 
tionan- allel direction, would point to different fixed 
swered. stars, which is not found to be fact. But this ob- 
jection is easily removed, by considering the im- 
mense distance of the stars in respect of the diam- 
eter of the earth’s orbit, the latter being no more 
than a point when compared to the former. If 
we lay a ruler on the side of a table, and along 
the edge of the ruler view the top of a spire at 
10 miles distance, then lay the ruler on the op- 
posite side of the table n'a parallel situation to 
what it had before, and the spire will still appear 
along the edge of the ruler, because our eyes, 
even when assisted by the best instruments, are 
incapable of distinguishing so small a change at 
so great a distance. | 
118. Dr. Bradley, our present astronomer 
royal, has found by a long series of the most ac- 
curate observations, that there is a small apparent 
- motion of the fixed stars, occasioned by the aber- 
ation of their light, and so exactly answering to 
an annual motion of the earth, as evinces the 
same, even to a mathematical demonstration. 
| Those who are qualified to read the doctor’s 
modest account of this great discovery, may con- 


al 
. 


former shine by their own light, and have no connection 
with our system. ‘The lustre of the star Sirius is infinitely 
more brilliant than that of Mercury and Venus, which re- 
ceive most light from the Sun ; and yet Sirius is unquestion- 
ably situated without the orbit of the Georgium Sidus. 
There must always be an immense difference between re- 
Jlected or borrowed light, and that which is native or direct 5 
as a great quantity of light is lost by reflection. —Ep.. 


% 
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sult the Philosophical ‘Transactions, N°, 406. CHapP. 
Or they may find it treated of at large by Drs. 
Smith,* Long,’ Desaguliers,* Rutherfurth, Mr. 
Maclaurin, § and M. de la Caille.° * 

114. It is true that the sun seems to change why the 
his place daily, so as to make a tour round the :0" #ppears 
starry heavens in a year. But whether the sun ii pineal 
or earth moves, this appearance will be the same ; 
for, when the earth is in any part of the heavens, 
the sun will appear in the oppasite. And there- 
fore, this appearance can be no objection against 
the motion of the earth. 

115. It is well known to every person who 

Kas sailed on smooth water, or been carried by a’. 
stream ina calm, that however fast the vessel 
goes, he does not feel its progressive motion. 
The motion of the earth 1s incomparably more 
smooth and uniform than that of a ship, or any 
machine made and moved by human art: and 
therefore it is not to be imagined that we can feel 
its motion. 

116. We find that the sun, and those planets The earth's 
on which there are visible spots, turn round their rio aN 
axis, for the spots move regularly over their discs.” monstrated. 
From hence we may reasonably conclude, ‘that 
the other planets, on which we see no spots, and 
the earth, which is likewise a planet, have such 
rotations. But being incapable of leaving the 


* Optics, b. 1, § 1178 

3 Astronomy, b. 2. § 838. 

4 Philosophy, vol. i, p. 401. 

> Account of Sir Isaac Newton’s Pili onb pial discoy- 
eries, b. 3, c. 2, § 3. 

° Elemens d’Astronomie, § 381. 

* See Appendix, vol. i. 

” The face of the sun moon, or any planet, as it appears 
to the eye, is called its disc. 


62 The Copernican System demonstratea, 


CHAP. earth, and viewing it at a distance, and its rotation 
mk being: smooth and uniform, we can neither see it. 
move on its axis as we do the planets, nor feel 
ourselves affected by its motion. Yet there is one 
effect of such a motion, which will enable us to 
_ judge with certainty whether the earth revolves 
on its axis or not. All globes which do not turn 
round their axis will be perfect spheres, on ac- 
count of the equality of the weight of bodies on 
their surfaces ; especially of the fluid parts. But 
all globes which turn on their axis will be oblate 
spheroids ; that is, their surfaces will be higher, 
or farther from the centre, in the equatorial than 
in the polar regions ; for, as the equatorial parts 
move quickest, they will recede farthest from the 
axis of motion, and enlarge the equatorial dia- 
meter. That our earth is really of this figure, is 
demonstrable from the unequal vibrations of a 
pendulum, and the unequal lengths of degrees in 
different latitudes. Since then the earth is high- 
er at the equator than at the poles, the sea, which 
naturally runs downward, or towards the places 
which are nearest the centre, would run towards 
the polar regions, and leave the equatorial parts 
dry, if the centrifugal force of these parts, by 
which the waters were carried thither, did not 
keep them from returning. The earth’s — 

torial diameter is 36 miles longer than its axis.® 
Allbodies 117. Bodies near the poles are heavier than 
heavier at those towards the equator, because they are near- 

the poles 

than they er the earth’s centre, where the whole force of 
hiioelen: the earth’s attraction is accumulated, ‘They are 
also heavier, because their centrifugal force is 
less, on account of their diurnal motion being 
slower. For both these reasons, bodies carried 


9 See §. 76, note. 
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from the poles toward the equator, gradually lose czap. 
part of their weight. Experiments prove that a vn 
pendulum, which vibrates seconds near the poles, 
vibrates slower near the equator, which’ shews, 
that it is lighter, or less attracted there. ‘To make 
it oscillate in the same time, it is found necessary 
to diminish its length. By comparing the differ- 
ent lengths of pendulums swinging seconds at the 
equator and at London, it is found that a pen- 
dulum must be 2-4°*. lines shorter at the equa- 

tor than at the poles.* A lime is a twelfth part 
— of an inch. 

118. If the earth turned round its axis in 84” How they 
43°, the centrifugal force would be equal to the eg 
power of gravity at the equator; and all bo- weight. 
dies there would entirely lose their weight. If 
the earth revolved quicker, they would all fly off 
and leave it. 

119. A person on the earth can no more be The earth’s 
sensible of its undisturbed motion om its axis, °y? (" 
than one in the cabin of a ship on smooth water 
can be sensible of the ship’s motion when it turns 
gently and uniformly round. It is therefore no 
argument against the earth’s diurnal motion, that 
we do not feel it; nor is the apparent revolutions 
of the celestial bodies every day, a proof of the 
reality of these motions ; for whether we or they . 
revolve, the appearance is the very same. A per- 
son looking through the cabin windows of a ship 
as strongly fancies the objects on land to go round 
when the ship turns, as Sif they were actually in 
motion. 


1 By comparing the observations made at. Paris and 
Spitzberg, the length of a pendulum at the equator is 
468.927 lines English, and the length of a pend ae, at 
the pole 471.46y lines, so that a pendulum must be 2.54%, 
lines English shorter at the equator than at the poles. —IEn. 
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CHAP. 120. If we could translate ourselves from 
__''t _ planet to planet, we should still find that the stars 
would appear of the same magnitudes, and at the 

same distances from each other, as they do to us 

here, because the width of the remotest planet’s 

orbit bears no sensible proportion to the distance 

of the stars. But then, the heavens would seem 

to revolve about very different axis; and conse- 

To the dif-quently, those quiescent points, which are our 
Slee poles in the heavens, would seem to revolve about 
heavens ap- other points, which, though apparently in motion 
Peeaton 28 seen from the earth, would be at rest as seen 
different from any other planet. Thus the axis of Venus, 
axss- which lies almost at right angles to the axis of the 
earth, would have its*motionless poles in two op- 

posite points of the heavens lying almost in our 
equinoctial, where the motion appears quickest, 
because it is seemingly performed in the greatest 

circle. And the very poles, which are at rest to 

us, have the quickest motion of all as seen from 

Venus, ‘To Mars and Jupiter the heavens appear 

to turn round with very different velocities on the 

same axis, whose poles are about 234.° from ours. 

Were we on Jupiter, we should be at first amaz- 

ed at the rapid motion of the ‘heavens ; the sun 

and stars going round in 9° 56". Could we go 

from thence to Venus, we should be as much sur- 

prised at the slowness of the heavenly motions ; 

the sun going but once round in 584”, andthe stars 

in 540", And could we go from Venus to the 

moon, we should see the heavens turn round with 

a yet.slower motion, the sun in 708", the stars 

in 655". As it is impossible these various circum- 
volutions in such different times, and on such dif- 

ferent axes, can be real, so it is unreasonable to. 

_ suppose the heavens to revolve about our earth 

more than it does about any other planet. When 

we reflect on the vast distance of the fixed stars, 
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to which !90,000,000 of miles, the diameter of CHAP. 
the earth’s orbit, is but a point; we are filled with , 8 . 
amazement at the immensity of their distance. — 
But if we try to frame an idea of the extreme ra- 
pidity with which the stars: must move, if they 
move round the earth in 24 hours,the thought be- 
comes so much too big for our imagination, that 
we can no more conceive it than we'do infinity or 
eternity. If the sun was to goround the earth in 24 
hours, he must travel upwards of 300,000 miles 
‘in a minute ; but the stars being at least:400,000 
times as far from the sun as-the sun is from ‘us, 
those about the equator must move 400,000 times 
as quick. And all this to serve no other purpose 
than what can be as fully'and much more simply 
obtained by the earth’s'turning round eastward, 
as On an axis, every 24 hours, causing thereby 
an apparent diurnal motion of the sun westward, 
and bringing about the alternate ‘returns of» day 
and night. “Vii 8d Dir OK | : 

-121.. As to the common objections against the Objection: 
earth’s motion on its axis, they are all easily an- #247" i° 
swered and set aside. ‘That it may turn without »nal mo. 
being seen or felt by us to do'so, has been al- 772s 
ready shewn, § 119. But some are apt to im- 
agine that, if the earth turns eastward, (as it cer- 
tainly does, if it turns at all), a ball fired perpen- 
dicularly upward in the air must fall considerably 
westward of the place it was projected from. The 
objection which at first seems to have some weight, 
will be found to have none at all, when we con- 
sider that the gun and ball partake of the earth’s 
motion ; and therefore the ball being carried for- 
ward with the air as quick as the earth and air 
turn, must fall down on the same place. A stone 
let fall from the top of a main mast, if it meets 
ep obstacle, falls on the deck as near the foot 

ol, L. ; 
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of the mast when the ship sails as when it does 

not. If an inverted bottle, full of liquor, be hung | 
up to the cieling of the cabin, and a small hole 

be made in the cork to let the liquor drop through 

on the floor, the drops will fall just as far for- 

ward on the floor when the ship sails as when it 

is at rest. And gnats or flies can as easily dance 

among one another in a moving cabin as in a fix- 

ed chamber. As for those scripture expressions 

which seem to contradict the earth’s motion, this 

general answer may be made to them all, viz. it 

is plain from many instances, that the scriptures 

were never intended to instruct us in philosophy 

or astronomy ; and therefore, on those subjects, 

expressions are not always to be taken in the li- 

teral sense, but for the most part as accommo- 

dated to the common apprehensions of mankind. 

Men of sense in all ages, when not treating of 
the sciences purposely, have followed this me- 

thod ; and it would be in yain to follow any other 

in addressing ourselves to the vulgar, or bulk of © 
any community. Moses calls the moon a great 
luminary (as it is in the Hebrew) as well as the- 
sun: but the moon is known to be an opaque 
body, and the smallest that astronomers have ob- 
served.in the heavens, and shines upon us not by 
any inherent light of its own, but by reflecting 
the light of the sun. If Moses had known this, 
and told the Israelites so, they would have stared 
at him ; and considered him rather-as a madman, 
than asa person commissioned by the. Almighty 
to be their leader. 


CHAP. IV. 


THE PHENOMENA OF THE HEAVENS AS SEEN FROM DIF- 
FERENT PARTS OF THE EARTA., 


122. W: are kept to the earth’s surface on all crap. 
sides by the power of its central attraction, which, '¥- 
laying hold of all bodies according to their densi- y,. ,”. 
ties or quantities of matter, without regard to their kept to the 
bulks, constitutes what we call their weight. And oiled 
having the sky over our heads, go where we will, 

and our feet towards the centre of the earth, we 

call it up over our heads, and down under our 

feet ; although the same right line which is down 

to us, if continued through and beyond the op-_ 
posite side of the earth, would be up to the in- 
habitants on the opposite side. - For, the inhabit- 

ants 7, 2, e, m, 5, 0, g, /, stand with their feet to- 

ward the earth’s centre C'; and have the same 

figure of sky N, J, E, 1, 8, O, Q, Z, over their Prat 1, 
heads. Therefore, the point § is as directly up-"® ™ 
ward to the inhabitant s on the south pole, as NV 

is to the inhabitant z on the north pole; so is # 

to the inhabitant e supposed to be on the north 

end of Peru; and Q to the opposite inhabitant ¢ 

on the midile of the island Sumatra. Each of 

these observers is surprised that his opposite or Antipodes. 
antipode can stand with his head hanging down- 
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cHAr. wards. But let either go to the other, and he 
“-_, will tell him that he stood as upright and firm on 
the place where he was, as he now stands where 
he is. To all these observers the sun, moon, 
and stars seem to turn round the points V and S, 
Axis of theas the poles of the fixed axis NCS, because the | 
world. _ earth does really turn round the mathematical line 
Its poles. 2Cs as round an axis, of which n is the north 
pole, and s the south pole. The inhabitant U 
Fig.2. (Fig. 2) affirms, that he is on the uppermost side 
of the earth, and wonders how another at Z can 
stand on the undermost side with his head hang- 
ing downwards. But U in the meantime forgets 
that in 12 hours time he will be carried half 
round with the earth, and then be in the very si- 
tuation that Z now is, although as far from him» 
as before. And yet, when U comes there, he will 
find no difference as to his manner of standing ; 
only he will see the opposite half of the heavens, 
and imagine the heavens to have gone half round 
the earth. | | 
How our 123, When we see aglobe hung up ina room, 
Hats ane we cannot help imagining it to have an upper and 
per and an an under side, and immediately form a like idea 
under side. Of the earth; from whence we conclude, that it 
is as impossible for people to stand on the under 
side of the earth, as for pebbles to lie on the un- 
der side of a common globe, which instantly fall 
down from it to the ground ; and well they may, 
because the attraction of the earth being greater . 
than the attraction of the globe, pulls them away. — 
Just so would be the case with our earth, if it 
were placed near a globe much bigger than itself, 
such as Jupiter, for then it would really have an 
upper and an under side with respect'to that large 
globe, which, by its attraction, would pull away 
every thing from the side of the earth next to it, 
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and only, those on the top of the opposite or up- CHAP. 
per side could remain upon it. But thereisno, 'Y’ 
larger globe near enough our earth to overcome 
its central attraction, and therefore it has no such 
thing as an upper and an under side ; for all bo- 
dies on or near its surface, even to the.moon, gra- 
vitate towards its centre. 

124, Let any man imagine that the earth and 
every thing but himself is taken away, and he 
left alone in the midst of indefinite space 3 he 
could then have noidea of up or down ; and were 
his pockets full of gold, he might take the pieces 
one by one, and throw them away on all sides of 
him, without any danger of losing them; for the 
attraction of his body would bring them all back 
by the ways they went, and he would be down to 
every one of them. But then, if a sun or any 
other large body were created, and placed in any 
part of space several millions of miles from him, 
he would be attracted towards it, and could not 
save himself from falling down to it. 

125, The earth’s bulk is but a point, as that Fig. :. 
at CG compared to the heavens; and therefore 
every inhabitant upon it, let him be where he will, 
as at 2, e, m, s, &c. sees half of the heavens. ‘The 
inhabitant 2 on the north pole of the earth, con- 
stantly sees the ,|hemisphere E.NQ; and having 
the north pole NV of the heavens just over his 
head, his horizon’ coincides with the celestial 
equator ECQ. ‘Therefore all the stars in the Half of the 
northern hemisphere ENQ, between the equator 2@“*>* ** 
and north pole, appear to turn round the line NC, inhabitant 


moving parallel to the horizon. The equatorial oro rth. 


*The utmost limit of a person’s view, where the sky 
seems to touch the earth all around, is called his horizon, 
which shifts as the person changes his place. 
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stars keep in the horizon, and all those in the 
southern hemisphere ESQ are invisible. The like 
phenomena are seen by the observer s on the 
south pole, with respect to the hemisphere ESQ, 
and to him the opposite hemisphere is always in- 
visible. Hence, under either pole, only one half 
of the heavens is seen; for those parts which are 
once visible never set, and those which are once 
invisible never rise. But the ecliptic YCX, or 
orbit which the sun appears to describe once a- 
year by the earth’s annual motion, has the half 
YC constantly above the horizon ECQ of the 
north pole m, and the other half CX always be- 
low it. Therefore, whilst the sun describes the 
northern half YC of the ecliptic, he neither sets 
to the north pole nor rises to the south; and 
whilst he describes the southern half CX, he 


neither sets to the south pole, nor rises to the 


north, ‘The same things are true with respect to 
the moon, only with this difference, that as the 
sun describes the ecliptic but once a-year, he is 


for half that time visible to each pole in its turn, 


and as long invisible; but as the moon goes 
round the ecliptic in 274 8, she is only visible 
for 134 16", and as long invisible to each pole by 
turns. All the planets likewise rise and set to 
the poles, because their orbits are cut obliquely 
im halves by the horizon of the poles. When the 
sun (in his apparent way from X) arrives at C, 
which is on the 20" of March, he is just rising to 
an observer at 2 on the north pole, and setting to 
another at s on the south pole. From C he rises 
higher and higher in every apparent diurnal re- 


- volution, til! he comes to the highest point of the 


ecliptic 7, on the 21** of June, and then he is at 
his greatest altitude, which is 284 °, or the arcLy, 
equal to his greatest north declination ; and from 
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thence he seems to descend gradually in every CHAP. 
apparent circumvolution, till he sets at C on the __'Y’ 
23° of September, and then he goes to exhibit 
the like appearances at the south pole for the 
other half of the year. Hence, the sun’s apparent 
motion round the earth is not in parallel circles, 
but in spirals, such as might be represented by a 
thread wound round a globe from tropic to tro- 
pic, the spirals being at some distance from one 
another about the equator, and gradually nearer 
to each other as they approach toward the tropics. 

126. If the observer be anywhere on the ter- phenome- 
restial equator eCq, as suppose at ¢, he is in the 2 the 

. equator. 

plane of the celestial equator, or under the equi- 
noctial HCQ ; and the axis of the earth nCs is 
coincident with the plane of his horjzon, extend- Fig. :. 
ed out to Nand S, the north and south poles of 
the heavens. As the earth turns round the line 
NCS, the whole heavens MOL seem to turn 
round the same line, but the contrary way. It is 
plain that this observer has the celestial poles con- 
stantly in his horizon, and that his horizon cuts 
the diurnal paths of all the celestial bodies per- 
pendicularly and in halves. ‘Therefore the sun, 
planets, and stars rise every day, and ascend per- 
- pendicularly above the horizon for 6 hours, and 
passing over the meridian, descend m the same 
manner for the 6 hours following ; then set in the 
_ horizon, and continue 12 hours below it. Conse- 
quently, at the equator the days and nights are 
equally long throughout the year. When the 
observer is in the situation e,* he sees the hemi- 
_ sphere S £ N, but in 12 hours after he is carried 
half round the earth’s axis to g, and then the he- 
misphere SQV becomes visible to him, and SN 
disappears. ‘Thus we find, that to.an observer 
at either of the poles one halfof the sky is al- 
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ways visible, and the other half never seen; but 
to' an observer on the equator, the whole sky j is 
seen every 24 hours. 

‘The figure here referred to represents a celes- 
tial globe of glass, having a terrestrial globe with- 
in it, after the manner of the glass sphere invent- 
ed by my generous friend Dr. Long, enamine S 

rofessor of astronomy in Cambridge. 

127. If a globe be held sidewise to the eye at 
some distance, and so that neither of its poles can 
be seen, the equator &CQ, and all circles parallel 
to it, as DL, yzx, abX, MO, &c. will appear to 


be straight lines, as projected in this figure, which 


is requisite to be mentioned here, because we 
shall have occasion to call them circles in the fol. 
lowing articles of this chapter.* 

128. Let us now suppose that the observer has 
gone from the equator e towards the north pole 
nj and that he stops at i, from which place he 
then sees the hemisphere MEINZL, his horizon 
MCL having shifted as many degrees? from the 
celestial poles N and S, as he has travelled from 
under the equinoctial E. And as the heavens 
seem constantly to turn round the line NGS as an 
axis, all those stars which are not so many de- 
grees from the north pole V as the observer -is 


from the equinoctial, namely, the stars north 


of the parallel DZ, never set below the ho- 
rizon ; and thase which are south of the pa- 


*A circle, or a thin circular plate, being turned edge- 
wise to the eye, so that none of its plane surfaces are seen, 
appears to be a straight line; and when one of these sur- 
faces is seen, it appears to be an ellipse approaching near- 
er and nearer to a circle as the eye rises above the circular 
plane, or as its inclination diminishes. . 


3A degree is the,360" part of a circle. 
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rallel # never rise above it. Hence the form- cHap. 
er of these two parallel circles is called the cir. !V- 
cle of perpetual apparition, and ‘he latter the cir- 7, Ga.. 
cle of perpetual occultation, but all the stars be- of perpe- 
tween these two circles rise and set every day, tt?)aPpar 
Let us imagine many circles to be drawn between occultation. 
these two, and parallel to them ; those which are 
on the north side of the equinoctial will be un- 
equally cut by the horizon MCL, having larger 
portions above the horizon than biltubt it, and the 
more so, as they are nearer to the circle of pet 
petual apparition; but the reverse happens to 
those on the south side of the equinoctial, whilst 
the equinoctial is divided in two equal parts by 
the horizon. Hence, by the apparent turning of 
the heavens, the northern stars describe greater 
arcs or portions of circles above the horizon than 
below it; and the greater, as they are farther 
from the equinoctial towards the circle of per- 
petual apparition, whilst the contrary happens to 
all stars south of the equinoctial ; but those upon 
it describe equal arcs both above and below the 
horizon, and therefore they are just as long above 
as below it. | 

129, An observer on the equator has no circle © 

of perpetual apparition or occultation, because all 
the stars, together with the sun and moon, rise 
and set to him every day. But, as a bare view 
of the figure is sufficient to shew that these two 
circles DZ and MO are just as far from the poles 
N and § as the observer at 7 (or one opposite to 
him at 0) is from the equator ECQ ; it is plain, 
that if an observer begins to travel from the 
equator towards either pole, his circle of perpes 

tual apparition rises from that pole as from a 
point, and his circle of perpetual occultation from 
the other. As the observer advances towards thg 
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€HAP. nearer pole, these two circles enlarge their diam- 
IV. eters, and come nearer one another, until he 
“comes to the pole, and then they meet and coin- 
cide in the equinoctial. On different sides of the 
equator, to observers at equal distances from it, 
the circle of perpetual apparition to one is the 

circle of perpetual occultation to the other. 
why the . 130. Because the stars never vary their dis- 
starsalway* tances from the equinoctal, so as to be sensible in 
same paral-an age, the lengths of their diurnal and noc- 
haere turnal arcs are always the same to the same places 
thesuna onthe earth. But as the earth goes round the 
SHRSre DY. aay every year in the ecliptic, one half of which 
is on the north side of the equinoctial, and the 
other half on its south side, the sun appears to 
change his place every day, so as to go once 
round the circle YC.X every year, § 114. There- 
fore, whilst the sun appears to advance north- 
ward, from having described the parallel ab X 
touching the ecliptic in X, the days continually 
lengthen and the nights shorten, until he comes 
to Y, and describes the parallel y z x, when 
the days are at the longest and the nights at 
the shortest; for then, as the. sun goes no far- 
ther northward, the greatest portion that is pos- 
sible of the diurnal arc yz is above the hori- 
zon of the inhabitant 7, and the smallest portion 
zx below it. As the sun declines southward from 
y, he describes smaller diurnal and greater noc- 
turnal arcs, or portions of circles evéry day, 
which causeth the days to shorten and nights to 
lengthen, until he arrives again at the parallel 
a@bX; which having only the small part ab 
above the horizon MCL, and the great part bX | 
below it, the days are at the shortest, and the 
nights at the longest, because the sun recedes no 
farther south, but returns northward as’ before. 
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It is easy to see that the sun must be in the equi- CHAP. 

noctial ECQ twice every year, and then the days, _*”” 

and nights are equally long, that is 12 hours each, 

These hints serve at present to give an idea of 

some of the appearances resulting from the mo- 

tions of the earth, which will be more particular- 

ly described in the 10" chapter. 

131. To an observer at either pole, the hori- Fig. r. 

. eae , Parallel, 

zon and equinoctial are coincident, and the sun oblique, 

and stars seem to move parallel to the horizon ; sac right 

therefore such an observer is said to have a pa- what.’ 

rallel position of the sphere. ‘To an observer 

anywhere between either pole and equator, the 

parallels described by the sun and stars are cut 

obliquely by the horizon, and therefore he is said 

to have an oblique position of the sphere. To an 

observer anywhere on the equator, the parallels — 

of motion described by the sun and stars, are cut 

perpendicularly, or at right angles, by the hori- 

zon, and therefore he is.said to have a right posi- 

tion of the sphere. And these three are all the 

different ways that the sphere can be posited to 

all people on the earth. 
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| THE PHENOMENA OF THE HEAVENS AS SEEN FROM 
DIFFERENT PARTS OF THE SQLAR SYTSEM.. 


132. So vastly me is the distance of the starry 


tye heavens, that if viewed from any part of the solar 


system, or even many millions of miles beyond 
it, the appearance would be the very same to us. 
The sun and stars would all seem to be fixed on 
one concave surface, of which the spectator’s eye 
would be the centre. But the planets being much 
nearer than the stars, their appearances will vary 
considerably with the place from which they are 
viewed. 

133. If the spectator is at rest without hide 
orbits, the planets will seem to be at the same dis- 
tance as the stars, but continually changing their 
places with respect to the stars, and to one an- 
other ; assuming various phases of increase and 
decrease like the moon, And notwithstanding 
their regular motions about the sun, will some- 
times appear to move quicker, sometimes slower, 
be as often to the west as to the east of the sun, 
and at their greatest distances seem quite station- 
ary. The duration, extent, and distance of those 
points in the heavens where these digressions be- 
gin and end, would be more or less, according to 
she respective distances of the several planets from 
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the sun; but in the same planet they would con- CHApP. 
tinue invariably the same at all times, like pen-. ~*__, 
dulums of unequal lengths oscillating together, 

the shorter move quick and go over a small space, 

the longer move slow and go over a large space. 

If the observer is at rest within the orbits of the 
planets, but not near the common centre, their 
apparent motions will be irregular, but less so 

than in the former case. Each of the several 
planets will appear bigger and less by turns as 

they approach nearer to or recede farther from 

the observer, the nearest varying most in their 

size. They will also move quicker or slower 

with regard to the fixed stars, but will never be 
retrograde or stationary. 

134. If an observer in motion views the hea- 
vens, the same apparent irregularities will be ob- 
served, but with some variation resulting from his 
ewn motion. If he is ona planet which has a ro- 
tation on its axis, not being sensible of his own 
motion, he will imagine the whole heavens, sun, 
planets, and stars, to revolve about him in the 
same time that his planet turns round, but the 
centrary way, and will not be easily convinced of 
the deception. If his planet moves round the 
sun, the same irregularities and aspects as above 
mentioned will appear in the motions of the other 
planets; and the sun will seem to move among 
the fixed stars or'signs, directly opposite to those 
in which his planet moves, changing its place 
every day as he does. Ina word, whether our 
observer be in motion or at rest, whether within 
or without the orbits of the planets, their motions 
will seem irregular, intricate, and perplexed, un- 
less he is in the centre of the system, and from 
thence the most beautiful order and harmony will 
be seen. 
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cHAP. 135. The’sun being the centre of all the plan- 
Vv. ets motions, the only place from which their mo-« 
The sun’s tions could be truly seen, is the sun’s centre, 
centre the where the observer being supposed not to turn 
only point : : ‘ 
from which round with the sun, (which, im this case, we must 
the sue jmagine to be a transparent body) would see all 
and places the stars at rest, and seemingly equidistant 
of the "from him. To such an observer, the planets 
seen. would appear to move among the’fixed stars, in 
asimple, regular, and uniform manner; only, 
that as in equal times they describe equal areas, | 

they would describe spaces somewhat unequal, 
because they move in elliptic orbits, 4 155. Their 
motions would also appear to be what they are int 

fact, the same way round the heavens, in paths 

which cross at small angles in different .parts of 

the heavens, and then separate a little from one 
another, § 20. So that, if the solar astronomer 

should make the path or orbit of any planet a 
standard, and consider it as having no obliquity, 

§ 201, he would judge the paths of all the rest 

to be inclined to it, each planet having one half 

of its path on one side, and the other half on the 
opposite side of the standard path or orbit. And 

if he should ever see all the planets start from a 
conjunction with each other,*+ Mercury would 

move so much faster than Venus as to overtake 
her again, (though not in the same point of the. 
heavens) in a quantity of time almost equal to 

145 of our days and nights, or, as we commonly 


4 Here we do not mean such a conjunction, as that thé 
nearer planet should hide all the rest from the observer’s 
sight ; (for that would be impossible, unless the intersecs 
tions of all their orbits. were coincident, which they are 
not. See $ 21,) but when they were all in a line crossing 
the standard orbit at right angles. 

4 


~ 
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call them, natural days, which include both the CHARS 
days and nights. Venus would move so much , 

faster than the earth, as to overtake it again in 
585 natural days. The Earth so much faster than 
Mars, as to overtake him again in 778 such days. 
Mars so much faster than Jupiter, as to overtake 
him again in 817 such days ; and Jupiter so much 
faster than Saturn, as to overtake him again in 
7236 days, all of our time. 

136. But as our solar astronomer could have The judg- 
no idea of measuring the courses of the planets ™em 2"? 
by our days, he would probably take the period nomer 
of Mercury, which is the quickest moving planet, psa 
for a measure to compare the periods of the <cncctning 
others by. As all the stars would appear qui- tances and 
escent to him, he -would never think that they beanie the 
had any dependance upon the sun; but would" 
naturally imagine that the planets have, because 
they move round the sun. And it is by no means 
improbable, that. he would conclude those planets; 
whose periods are quickest, to move in orbits 
proportionably less than those do which make ~ 
slower circuits. But being destitute of a method 
for finding their parallaxes, or, more -properly 
speaking, as they could have no parallax to him, 
he could never know any thing of their real dis- 
tances or magnitudes. ‘Their relative distances 
he might perhaps guess at by their periods, and 
from thence infer something of truth concerning 
their relative buiks, by comparing their apparent 
bulks with one another. For example, Jupiter 
appearing bigger to him than Mars, he would 
conclude it to be much bigger in fact; because 
it appears SO, and must be farther tie him, on 
account of its longer period. Mercury and the 
earth would seem much of the same bulk; but 
by comparing its period with the earth’s, he would 
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conclude that the earth is much farther from him 
than Mercury, and, consequently, that it must be 
really bigger, though apparently of the same 
bulk; and so of the rest. And as each planet 
would appear somewhat bigger in one part of its 
orbit than in the opposite, and to move quickest 
when it seems biggest, the observer would be at 
no loss to conclude that all the planets move in 
orbits, of which the sun is not precisely in the 


. centre. 


"The planet- 
ary motions 
veryitregu- 
far as seen 
from the 
earth. 
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137. The apparent magnitude of the planets 
continually change as seen from the earth, which 
demonstrates that they approach nearer to it, and 
recede farther from it by turns. From these 
phenomena, and their apparent motions among 
the stars, they seem to describe looped curves, 
which never return into themselves, Venus’s path 
excepted. And if we were to trace out all their 
apparent paths, and put the figures of them to- 
gether in one diagram, they would appear so 
anomalous and confused, that no man in his 
senses could believe them to be representations 
of their real paths; but would. immediately con- 
clude, that such apparent irregularities must be 
owing to some optic illusions. And, after 2 
good deal of inquiry, he might perhaps be at a 
loss to find out the true cause of these irregulari- 
ties; especially if he were one of those who 
would rather, with the greatest justice, charge. 
frail man with ignorance, than the Almighty with 
being the author of such confusion. . | 

138. Dr. Long, in his first volume of Astrono- 
my, has given us figures of the apparent paths-of 
all the planets, separately from Cassini; and on 
seeing them I first thought of attempting to trace 
some of them by a machine‘ that shews the mo- - 
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tions of the Sun, Mercury, Venus, the Earth, and CHAP. 
Moon, according to the Copernican system. 
Having taken off the Sun, Mercury, and Venus, 
I put black lead pencils in their places, with the 
points turtied upward ; and fixed a circular sheet 
of paste-board so, that the earth kept constantly 
under its centre in going round the sun ; and the 
paste-board kept its parallelism. Then pressing 
gently with one hand upon the paste-board, to 
make it touch the three pencils, with the other 
hand I turned the winch that moves the whole 
machinery : and as the earth, together with the 
pencils in the places of Mercury and Venus, had Fig. r. 
their proper’ motions round the sun’s pencil, 
which kept at rest in the centre of the machine, 
all the three pencils described a diagram, from 
which the first figure of the third plate is truly 
copied in a smaller size. As the earth moved 
round the sun, the sun’s pencil described the 
dotted circle of months, whilst Mercury’s pencil 
drew the curve with the greatest number of loops, 
and Venus’s that with the fewest. Intheir inferior 
conjunctions they come as much nearer the earth, 
or within the circle of the sun’s apparent motion 
round the heavens, as they go beyond it in their 
superior conjunctions. On each side of the 
loops they appear stationary : in that part of each 
loop next the earth retrograde; and in all the 
rest of their paths direct. AWD . 

If Cassini’s figures of the paths of the sun, 
Mercury, and Venus, were put together, the 
figure as above traced out, would be exactly like 
them. It represents the sun’s apparent motion 
round the ecliptic, which is the same every year ; 
Mercury’s motion for seven years, and Venus’s 
for eight; in which time Mercury’s path makes 

Vol. I. F 
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CHAP. 23 loops, crossing itself so many times, and Ve- 
Y-  nus’s only 5. In 8 years Venus falls so near- 


Fig. i. 


ly into the same apparent path again, as to de- 
viate very little from it in some ages; but in 
what number of years Mercury and the rest of 
the planets would describe the same visible paths 
over again, I cannot at present determine. Hav- 
ing finished the above figure of the paths of 
Mercury and Venus, I put the ecliptic round 


them asin the Doctor’s book; and added the 


dotted lines from the earth to the ecliptic for 
shewing Mercury’s apparent or geocentric mo- 
tion therein for one year; in which time his 
path makes three loops, and goes on a little far- 
ther, which shews that he has three inferior, and 
as Many superior, conjunctions with the sun in 
that time; and also that he is six times station- 
ary, and thrice retrograde. Let us now trace 
his motion for one year in the figure. 

Suppose Mercury to be setting out from / to- 
wards B (between the earth and left hand corner 
of the plate), and as seen from the earth, his mo- 
tion will then be direct, or according to the order 
of the signs. But when he comes to B, he ap- 
pears to stand still in the 23° of m at F,.as shewn 
by the line B F. Whilst he goes from £& to C, 
the line B F’, supposed to move with him, goes 
backward from #' to £, or contrary to the order 
of signs; and when he is at C, he appears sta- 
tionary at £, having gone back 114°. Now, 
suppose him stationary on. the 1** of January at 


_C, on the 10" thereof he will appear in the hea- 


vens as at 20, near Ff’; on the 20™ he will be 
seen as at G; on the 31° at A; on the 10" of 
February at J; on the 20" at K; and on the 28™ 


at Z; as the dotted lines shew, which are drawn 
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through every 10" day’s motion in his looped c#Hap. 
path, and continued to the ecliptic. Onthe 10" v 
of March he appears at M; on the 20" at N; 
and on the 31** at O. On the 10" of April he 
appears stationary at P; on the 20" he seems to 
have gone back again to O; and on the 30™ he 
appears stationary at Q, having gone back 114°. 
Thus Mercury seems to go forward 4° 11°, 
or 131°; and to go back only 11° or 12°, ata 
mean rate. Fromthe 30" of April to the 10" 
of May, he seems to move from Qto A; and on 
the 20" he is seen at S$, going forward in the 
same manner again, according to the order of 
letters, and backward when they go back; which 
it is needless to explain any farther, as the reader 
can trace him out so easily, through the rest of 
the year. The same appearances happen in Ve- 
nus’s motion; but as she moves slower than 
Mercury, there are longer intervals of time be- 
tween them. | 

Having already, § 120, given some account of 
the apparent diurnal motions of the heavens as 
seen from the different planets, we shall not 
trouble the reader any more with that subject. — 
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THE PTOLEMEAN SYSTEM REFUTED.. THE MOTIONS 
AND PHASES OF MERCURY AND VENUS EXPLAINED. 


cnar. 139. Due Tychonic system, § 97, being sufh- 
Vi. pace ah, not : 

ciently refuted by the 109™ article, we shall say 

nothing more about it. i 
140. The Ptolemean system, § 96, which as- 
serts the earth to be at rest in the centre of the 
universe, and all the planets with the sun and 
stars to move round it, is evidently false and ab- 
surd; for, if this hypothesis were true, Mercury 
and Venus could never be hid behind the sun, as 
their orbits are included within the sun’s: and, 
again, these two planets would always move di- 
rect, and be as often in opposition to the sun asin 
conjunction with him. But the contrary of all 
this is true: for they are just as often behind the 
sun as before him, appear as often to move back- 
wards as forwards, and are so far from being seen 
at any time in the side of the heavens opposite to 
the sun, that they were never seen a quarter of 2 

| circle in the heavens distant from him. 

Appear- 141. These two planets, when viewed at dif- 
Maeuy ferent times with a good telescope, appear in all 
and Venus. the various shapes of the moon ; which is a plain 
proof that they are enlightened by the sun, and 
shine not by any light of their own: for if they 
did, they would constantly appear round as the 
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sun does; and could never be seen like dark cHapP. 
spots upon the sun when they pass. directly be- V> 
tween him and us. Their regular phases demon- 

strate them to be spherical bodies; as may be 
shewn by the following experiment. 

Hang an ivory ball by a thread, and let any Experi- 
person move it round the flame of a candle, at irr. they 
two or three yards distance front your eye; when are revnd. 
the ball is beyond the candle, so as to be almost 
hid by the flame, its enlightened side will be to- 
wards you, and appear round like the full moon: 
when the ball is between you and the candle, its 
enlightened side will disappear, as the moon does 
at the change: when itis half way between these 
two positions, it will appear half illuminated, like 
the moon in her’ quarters; but in every other 
place between these positions, it will appear more 
or less horned, or gibbous. — If this experiment 
be made with a flat circular plate, you may 
make it appear fully enlightened, or not en- 
lightened at all; but can never make it seem 
either horned or gibbous. . ay 

142. If you remove about six or seven yards Prats il. 
from the candle, and place yourself so that its**Pe"- 
flame may be just about the height of your eye, present the 
and then desire the other person to move the ball samp 
slowly round the candle as before, keeping it asand Venus. 
near of an equal height with the flame as he pos- 
sibly can, the ball will appear to you not to: move 
in a circle, but to vibrate backward and forward 
like a pendulum, moving quickest when it is di- 
rectly between you and the candle, and when di- 
rectly beyond it; and gradually slower as it goes 
farther to the right or left side of the flame, until 
it appears at the greatest distance from the flame; 
and then, though it continues to move with the 
same velocity, it will seem to iat still for a mo- 
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ment. In every revolution it will shew all the 
above phases, § 141; and if two balls, a smaller 
and a greater, be moved in this manner round 
the candle, the smaller ball being kept nearest 
the flame, and carried round almost three times 
as often as the greater, you will have a tolerable 
good representation of the apparent motions of 
Mercury and Venus; especially, if the bigger ball 
describes a circle almost twice as large in dia- 
meter as the circle described by the lesser. 

143. Let 4 BC DE bea part or segment of 
the visible heavens, in which the sun, moon, 
planets, and stars, appear to move at the same 
distance from the earth &. For there are cer- 
tain limits beyond which the eye cannot judge of 
different distances; as is plain from the moon’s 
appearing to be as far from us as the sun and 
stars are. Let the circle fghiklmno be the orbit 
in which Mercury m moves round the sun S, ac- 
cording to the order of the letters. When Mer- 
cury is at f, he disappears to the earth at £, be- 
cause his enlightened side is turned from it; un- 
less he be then in one of his nodes, § 20, 253 in 
which case he will appear like a dark spot upon 


of Mercury the sun. When he ts at gin his orbit, he ap- 


from the 
sun 


pears at B in the heavens, westward of the sun 
S, which is at C: when at h he appears at 4, at 
his greatest western elongation or distance from 
the sun; and then seems to stand still. But, as 
he moves from fh to 7, he appears to go from 4 
to B; and seems to be in the same place when 
at 7, as when he was at g, but aly near so big: 

at & he is hid from the earth E by the sun $ ; 

being then in his superior conjunction. In go- 
ing from £ to 1, he appears to move from C to 
JD ; and when he is at 2 he appears stationary at 
E; being seen as far east from the sun then, as 
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he was west from him at 4. In going from nto cyap, 
o in his orbit, he seems to go back again in the VI 
heavens, from # to D; and is seen in the same ~~" 
place (with respect to the sun) at 0, as when he 
was at /; but of a larger diameter at 0, because 
he is then nearer the Earth &: and when he 
comes to.f, he again passes by the Sun, and dis- 
appears as before. In going from 2 to h in his 
orbit, he seems to go backward in the heavens 
from FE to 4; and in going from f to n, he 
seems to go forward from 4 to E. As he goes 
on from f, a little of his enlightened side at ¢ is 
seen from £ ; at h he appears half full, because - 
half of his enlightened side is seen ; at 7, gibbous, 
or more than half full; and at £ he would ap- 
pear quite full; were he not hid from the Earth 
£ by the sun 8. At / he appears gibbous again: 
at 7 half decreased, at o horned, and at f new, 
like the moon at her change. He goes sooner 
from his eastern station at n, to his western sta- 
tion at h, than from Ato m again; because he 
_ goes through less than half his orbit in the for- 
mer case, and more in the latter, 

144. In the same figure, let FGHIKZMN be pute 11, 
the orbit in which Venus v goes round the Sun Fis: 3 
S, according to the order of the letters: and let 
E be the Earth, as before. When Venus is at F, The elon- 
she is in her inferior conjunction; and disappears, Fcc. 7% 
like the new Moon, because her dark side is to- Venus. 
ward the Earth. At G, she appears half enlight- 
ened to the Earth, like the Moon in her first quar- 
ter: at H she appears gibbous; at J almost full, 
her enlightened side being then nearly towards 
the Earth; at K she would appear quite full to 
the Earth £; but is hid from it by the Sun S$: 

.at Z she appears upon the decrease, or gibbous ; 
at M more so; at Nonly half enlightened 5 and 
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oap. at J she disappears again. In moving from V 
vi. to G, she seems to go backward in the heavens; 
atid from G to N, forwards; but as she describes 
The great- | 
est elongae @ Much greater portion of her orbit in going 
wer from G to N, than from N to G, she appears 
and Venus, Much longer direct than retrograde in her mo- 
tion. At Nand G, she appears stationary, as 
Mercury does at n and h. Mercury, when sta- 
tionary, seems to be only 28° from the Sun ; and 
Venus, when so, 47° F which isa denténstratiott 
that Mercury’s orbit is included within Venus’ -F 
pis Ais s within the Narth’s. 
- 145. Venus, from her superior conjunction at 
| Kt to 5 Hit inferior conjunction at J, is seen on the 
east side of the Sun § to the Faith Ee “arid 
therefore she shines in the evening, after the Sun 
Morning Sets, and is called the evening star: for, the Sun 
oe being then to the westward of Venus, he must 
what, set first. From her inferior conjunction to her 
superior, she appears on the west side of the 
Sun; and therefore rises before him, for which 
reason she is called the morning star. When she 
is about IV or G, she shines so bright, that bo- 
dies -cast shadows i in the night-time* — 
146. If the Earth kept always at E, it is evi- 
dent that the stationary places of Mercury and 
Venus would always be in the same points of the 
heavens where they were before. For example: 
whilst Mercury m goes from h ton, according to 
Thestation-the order of the letters, he appears to describe 
oie pan-the arc ABCDE in the heavens direct; and 
etevariable. whilst he.goes apr toh, he seems to describe the 


= The planet Venus is brightest 36 days peas and after 
her inferior conjtinetion with Hy Sun, her elongation be- 
ing then 39° 44's | 
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same are back again, from E to 4, retrograde: CHAP. 
always at mand / he appears stationary at the _\" 
same points & and 4, as before. But Mercury 
goes round his orbit from fto fagain, in 88 days; 

and yet there are 116 days from any one of his 
conjunctions, or apparent stations, to the same 
again: andthe places of these conjunctions and 
stations are found to be about 114° eastward from 

the points of the heavens where they we last be- 
fore ; which proves that the earth has not kept 

all that time at £, but has had a progressive mo- 

tion in its orbit from E to é Venus also differs 
every time in the places of her conjunctions and 
stations; but much more than Mercury; be- 
cause, as Venus describes a much larger orbit 
than Mercury does, the earth advances so much 

the farther in its annual path before Venus comes 
round again. 

147. As Mercury and Venus, seen from the The clon. 

earth, have their respective elongations from the 84'0"* 
sun, and stationary places; so has the Earth, seen inferior pla- 
from Mars; and Mars, seen from Jupiter; and ion him. 
Jupiter, seen from Saturn: that is, to every su- 
perior planet, all the inferior ones have their sta- 
tions and elongations; as Venus and Mercury 
have to the earth. As seen from Saturn, Mer- 
cury never goes more than 2+° from the Sun; 
Venus 44; the Harth 6; Mars 9¢; and Jupiter 
333; so that Mercury, as seen from the Earth, 
has almost as great a digression or elongation 
from the Sun, as Jupiter seen from Saturn. 

148. Because the earth’s orbit is included with- A proof of 
in the orbits of Mars, Jupiter, and Saturn, they ‘o> 
are seen on all sides of the heavens: and are astion. 
often in opposition to the sun as in conjunction 
with him. Ifthe earth stood still, they would 
always appear direct in their motions ; never re- 


CHAP. 


Nene! 
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trograde nor stationary. But they seem to go 
just as often backward as forward; which, if: 
gravity be allowed to exist, affords a_ sufficient 
proof of the earth’s annual motion: and without. 
its existence, the planets could never fall from the 
tangents of their orbits toward the sun, nor could 
a stone, which is once thrown up from the earth, © 
ever fall to the earth again. : 

149. As Venus and the Earth are superior 
planets to Mercury, they shew much the same 
appearances to him that Mars and Jupiter do to 
us. Let Mercury m be at f; Venus v at F, and 
the Earth at £ ; in which situation Venus hides 
the Earth from Mercury ; but, being in opposi- 


ofasuperior tion to the sun, she shines on Mercury with a full 
planet toan illumined orb ; though, with respect to the Earth, 


inferior. 


she is in conjunction with the sun, and invisible. 
‘When Mercury is at_f, and Venus at G, her en- 
lightened side not being directly towards him, 
she appears a little gibbous, as Mars does ina. 
like situation to us: but, when Venus is at J, her 
enlightened side is so much toward Mercury at 
J, that she appears to-him almost of a round 
figure. At K, Venus disappears to Mercury at 
J; being then hid by the sun; as well as all our 

superior planets are to us, when in conjunction — 
with the sun. When Venus has, as it were, 
emerged out of the sun-beams, as at £, she ap- 
pears almost full to Mercury at f; at Mand N, 
a little gibbous ; quite full at F, and largest of 
all; being then in opposition to the sun, and con- 
sequently nearest to Mercury at /’; shining 
strongly on him in the night, because her distance 
from him then is somewhat less than a fifth part 


_of her distance from the earth, when she appears 


roundest to it between J and A, or between K 
and J, as seen from the earth &. Consequent- _ 
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ly, when Venus is opposite to the sun as seen CHAP, 
_ from Mercury, she appears more than 25 times 
as large to him as she does to us when at the full- 
est. Our case is almost similar with respect to 
Mars, when he is opposite to the sun; because 
he is then so near the earth, and has his whole 
enlightened side towards it.. But, because the 
orbits of Jupiter and Saturn are very large in 
proportion to the earth’s orbit, these two planets 
appear much less magnified at their oppositions, 
or diminished at their conjunctions, than Mars 
does, in proportion to their mean aon dia- 
meters. 


Neem poate) 


CHAP. 


Gravitation 
and projec- 
tion. 


Fig. 4. 


Circular 
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Fig. 4. 


CHAP. VI. 


THE PHYSICAL CAUSES OF THE MOTIONS OF THE PLAe 
NETS—-THE ECCENTRICITIES OF THEIR ORBITS— 
THE TIMES IN WHICH THE ACTION OF GRAVITY 
WOULD BRING THEM TO THE SUN—ARCHIMEDES’S 
IDEAL PROBLEM FOR MOVING THE EARTH—THE 
WORLD NOT ETERNAL. 


150. From the uniform projectile motion of 
bodies in straight lines, aad the universal power 
ef attraction which draws them off from these 
lines, the curvilineal motions of all the planets 
arise. If the body 4 be projected along the 
right line 4BX, in open space, where it meets 
with no resistance, and is not drawn aside by any 
other power, it will for ever go on with the same 
velocity, and in the same direction. For, the 
force which moves it from .4 to B in any given 
time, will carry it from 4 to X in as much more 
time, and soon, there being nothing to obstruct | 
or alter its motion. But if, when this projectile 
force has carried it, suppose to B, the body § 
begins to attract it, with a power duly adjusted, 
and perpendicular to its motion at B, it will then 
be drawn from the straight line _4&_X, and forced 
to revolve about S$ in the circle BYTU. When. 
the body 4 comes to U, or any other part of its 
orbit, if the small body uw, within the sphere of 
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U’s attraction, be projected as in the right line cHae. 
Z, with a force perpendicular to the attraction of _ *'"_, 
U, then aw will go round Uin the orbit W, and 
accompany it in its whole course round the body 

S. Here S may represent the sun, U the earth, 

and w the moon. 

151. If a planet at B gravitates, or is attract- 
ed, toward the sun, so as to fall from B to y in 
the time that the projectile force would have car- 
ried it from B to X, it will describe the curve 
B Y by the combined action of these two forces, 
in the same time that the projectile force singly 
would have carried it from B to .X, or the gravi- 
tating power singly have caused it to descend 
from B to y ; and these two forces being duly 
proportioned, and perpendicular to each other, 
the planet obeying them both, will move in the 
circle BYTU.' 

152. But if, whilst the projectile force would 
carry the planet from B to 4, the sun’s attraction 
(which constitutes the planet’s gravitation) should 
bring it down from B to 1, the gravitating power 
would then be too strong for the projectile force, 
and would cause the planet to describe the curve 
BC. When the planet comes to C, the gravi- Elliptical 
tating power (which always increases as the" 
square of the distance from the sun S diminishes) 
will be yet stronger for the projectile force ; and 
by conspiring in some degree therewith, will ac- 
celerate the planet’s motion all the way from C 
to K; causing it to describe the arcs BC, CD, 


* 'To make the projectile force balance the gravitating 
power so exactly, as that the body may move ina circle, 
the projectile velocity of the body must be such as it 
would have acquired ‘by gravity alone, in falling through 
half the radius of the circle. | 


CHAP. 
Vii. 
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DE, £ F, &c. all in equal times. Having its 


motion thus accelerated, it thereby gains so much 
centrifugal force, or tendency to fly off at K in the 
line K #, as overcomes the sun’s attraction: and 
the centrifugal force being too great to allow the 
planet to be brought nearer the sun, or even to 
move round him in the circle Kimn, &c. it goes 
off, and ascends in the curve KLM, &c. its mo- 
tion decreasing as gradually from K to B, as it 
increased from B to K, because the sun’s attrac- 
tion now acts against the planet’s projectile mo- 
tion just as much as it acted with it before. When 


the planet has got round to B, its projectile force » 


is as much diminished from its mean state about 
G or NV, as it was augmented at K; and so, the 
sun’s attraction being more than sufficient to keep 


_ the planet from going off at B, it describes the 


same orbit over again, by virtue of the same 
forces or powers.” ! 


153. A double projectile force will always ba- 


lance a quadruple power of gravity. Let the planet 
at B have twice as great an impulse from. thence 
towards .X, as it had before; that is, in the same 
length of time that it was projected from B to 6, 


* If the planet at B is projected in the direction BX, 
with a velocity equal to that which it would acquire by 
falling through half the distance BS, by. the action of the 
central body S, it will describe a circle round the centre S. 
If the velocity of projection be equal to that which the 
body would acquire by falling through a distance greater 
than one half of BS, it will. move in an elliptical orbit, 
one of whose foci is S. If the velocity of the projectile be 
equal to that which it would acquire in falling through 
BS, its path will be a parabola, having S$ for its focus; 
and if the velocity be equal to that which it would acquire 
by falling through a space greater than BS, the body will 
move in a hyperbola.—Ep. 


* 
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as in the last example, let it now be projected 
from B*to c, and it will require four times as 
much gravity to retain it in its orbit, that is, it 
must fall as far as from B to 4 in the time that 
the projectile force would carry it from B to CG, 
otherwise it could not describe the curve BD, as 
is evident by the figure. But, in as much time as 


CHAP. 


ho 


Neerarey naman! 


the planet moves from B to C'im the higher part Fig. 4. 


of its orbit, it moves from J to K, or from K to The planets 


describe 
equal areas 


Z, in the lower part thereof, because, from the 


jomt action of these two forces, it must always im equal 


describe equal areas in equal times throughout its 
annual course. ‘These areas are represented by 
thetriangles BSC, CSD, DSE, ESF, &c. whose 
contents are equal to one another quite round the 


figure. 


154. As the planets approach nearer the sun, A dificulty 
Temove 


and recede farther from him in every revolution, 
there may be some difficulty in conceiving the 
reason why the power of gravity, when it once 
gets the better of the projectile force, does not 
bring the planets nearer and nearer the sun in 
every revolution, till they fall upon and unite 
with him; or why the projectile force, when. it 
once gets the better of gravity, does not carry the 
planets farther and farther from the sun, till it 
removes them quite out of the sphere of his at- 
traction, and causes them to go on in straight 
lines for ever afterward. But by considering the 
effects of these powers as described in the two 
last articles, this difficulty will be removed. Sup- 
pose a planet at B to be carried by the projectile 
force as faras from 8B to 4, in the time that gra- 
vity would have brought it down from B to 1, by 
these two forces it will describe the curve B C. 
When the planet comes downto K, it will be but 
half as far from the sun S$ as it was at B; and 


times. 
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cuaP. therefore, by gravitating four times as strongly 
'. towards him, it would fall from K to Vin the 
same length of time that it would have fallen 
from Bto 1 in the higher part ofits orbit, that is, 
through four times as much space; but its pro- 
jectile force is then so much increased at K, as 
would carry it from K to é in the same time, be- 
ing double of what it was at B, and is therefore 
too strong for the gravitating power, either to 
draw the planet to the sun, or cause it to go 
round him in the circle Klmn, &c. which would 
require its falling from K to w, through a great- 
er space than gravity can draw it, whilst the pro- 
jectile force is such as would carry it from K to 
#, and therefore the planet ascends in its orbit 
KLMN, decreasing in its velocity for the causes 
already assigned in § 152. 

Theplaret- 155. The orbits of all the planets are ellipses, 

ary orbits ; ‘ 6 ta ars . 
elliptical, Very little different from circles; but the orbits 
of the comets are very long ellipses, and the low- 
er focus of them allisin the sun. If we sup- 
pose the mean distance (or middle between the 
greatest and least) of every planet and comet from 
the sun to be divided into 1000 equal parts, the 
‘Their ec- eccentricities of their orbits, both in such parts 
commaees-and in English miles, will be as follow: Mer- 
cury’s, 210 parts, or 6,720,000 miles; Venus’s, 
7 parts, or 413,000 miles; the Earth’s, 17 
parts, or 1,377,000 miles; Mars’s, 93 parts, 
or 11,439,000 miles; Jupiter’s, 48 parts, or 
20,852,000 miles; Saturn’s, 55 parts, or 


ow 


3The eccentricity of a planet or comet is the distance 
between the centre and focus of the elliptical orbit in 
which they move, or half the distance between the twa 
foci. For more accurate numbers representing the eccen- 
tricities of the planets, see the table in the appendix.—-Ep. 
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42,735,000 miles, Of the nearest of the three CHAP. 
fore-mentioned comets, 1,458,000 miles ; of the, re % 
middlemost, 2,025,000,000 miles ; and of the 
outermost, 6,600,000,000. 

156. By the above-mentioned law, § 150. et The above 
seg. bodies will move in all kinds of ellipses, “v* = 


cient for 


whether long or short, if. the, spaces they move motions 
in be void of resistance. Only, those which move oar 
in the longer ellipses, have so much the less PrO- elliptic or- 
jectile force impressed upon them in the higher ae 
parts of their orbits ; and their velocities, in com- 

ing down towards the sun, are so prodigiously 
increased by his attraction, that their centrifugal» 
forces in the lower parts of their orbits are so 

great, as to overcome the sun’s attraction there, 

and cause them to ascend again towards the high- 

er parts of their orbits ; during which time, the 

sun’s attraction acting so contrary to the motions 

of those bodies, causes them to move slower and 
slower, until their projectile forces are diminished 
almost to nothing, and then they are brought 

back again by the sun’s attraction as before... 

157. If the projectile forces of all the planets I1.what 
and comets were destroyed at their mean .distan- Nn 
ces from the sun, their gravities would. bring would fall 
them down so, as that Mercury would fall to the Ce 
sun in 15° 13"; Venus i in 39! 17°; the Earth or at 
Moon in 64# 10" ; Mars in 121 days; Jupiter in® 
290 days; Saturn in 767 days, and the Georgi- 
um. Sidus in 5406 days. The nearest comet in 
13,000 days ; ; the middlemost in 23,000. days; 
and the outermost in 66 5000 days. The Moon 
would fall to the Earth in 4% 20" ; ; Jupiter’ s first 
moon would fall to him in 7", his Seabnds in. 15°, his 
third in 30", and his fourth in 71". Saturn’s first 
moon would fall to him in 8", his second: in: 12", 
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his third in 19°, his‘ fourth in 68", and his fifth in 
336". -A stone Willd: fall to the Earth’s centre, 
‘if there were an hollow’passage, in 21" 9°. Mr. 
Whiston gives the following rule for such com- 
‘putations.* ¢ It is demonstrable, that half the pe- 
riod of any planet, ‘when it is diminished “in -the 
sesquialteral proportion of the number to the 
number 2, or nearly in the proportion of 1000 
to 2828, is the time that it would fall to the cen- 
tre. of its orbit.’ This ‘proportion is, when a 
quantity or number c contains another once ist a 
half as much more. «'!!!” 

158. The quick motions of the moons vo Wah 
piter and Saturn round their primaries, demon- 
strate that these two planets’ have ‘stronger at- 
tractive powers than the earth has: for, the 
stronger that one body attracts another, the great- 
er must be the projectile force, and consequently 
the quicker must’ be the motion of that other 
body to keep it from falling to its primary or cen- | 
tral planet. Jupiter’s second. moon is’ 124,000" * 
miles farther from Jupiter than our moon is from 
us; and yet this second moon goes almost eight 
times round Jupiter whilst our moon goes only 


once round the earth. What a prodigious at- 


tractive power must the Sun then. have, to draw 
all the planets and satellites of the system ‘towards 


i him ; and what an a pore must it have 


* Astronomical Principles of Religion, p. 66. 

3'The time in which any planet or comet would fall to 
the Sun, may be found more. easily by dividing the time of 
half its revolution round the sun by 2.82847, or by mul- 
tiplying the time of a whole revolution by 0.176776. The 
squares of the times in which the planets would fall to the 
Sun are as the cubes of their distances.—En. . 
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required to put all these planets and moons into CHAP. 
such rapid motions at: first! Amazing indeed to 

us, because impossible to be effected by the 
strength of all the living creatures in an unlimit- 

ed number of worlds; but nowise hard for the 
Almighty, whose planetenror takes in the whole 
universe ! 

159. The celebrated Archiniedes affirmed he pptchine 
could move the earth, if he had a place ata dis- {1 . 
tance from it to stand upon to manage his ma- cee 

chinery.* ‘This assertion is true in theory, but, ah 
upon examination, will be found absolutely im- 
possible in fact, even though a proper place and 
materials of sufficient strength could be had. 

The simplest and easiest method of moving a 
heavy body a little way is by a lever ‘or crow, 
where a'small weight or power applied to the 
long arm will raise a great weight on the short 
one. But then, the small weight must move as 
much quicker than the great weight, as the latter 
is heavier than the former ; and the length of the 
tong arm of the lever must be in the same pro- 
portion to the length of the short“one.; Now, 
suppose a man to pull, or press the‘end ‘of the 
long arm with the force of 200: pound weight, 
and that the earth contains in round numbers, 
4,000,000,000,000,000,000,000, or 4000 tril- 
lions of cubic’ feet, each at a mean rate 
weighing 100 pound ; and that the prop or 
‘eentre of motion of the lever is 6000 miles 
from the earth’s centre; in this case, the length 
ef the lever from the ‘fulcrum. or. centre of 


4 Ads E oi, yo4 Tov xorpedy xiow, 7. &. Give me a place to 
@tand on, and I shall move the earth, 
G 2 
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motion to the moving power or weight ought 
to be 12,000,000,000,000,000,000,000,000, or 
12) quadrillions of miles 5 and so many miles. 
must the power moye, in order to raise the earth 
but one mile ; whence it is easy to compute, that 
if Archimedes, or the power applied, could 
move as swift as a cannon-bullet, it would take 
2'7,000,000,000,000, or 27 billions of years to 
raise the earth one inch. 
If any other machine, such as a Paeittistion | 
of wheels and screws, was proposed to move the 
earth, the time it would require, and the space 
gone through by the hand that turned the ma- 
chine, would be the same as before. Hence we 
may learn, that however boundless our imagina- 
tion and theory may be, the actual operations of 
man are confined within narrow bounds, and 
more suited to our real wants than to our desires. 
160. The sun and planets mutually attract 
each other ; the power by which they do so we 
call gravity. But whether this power be me- 
 gaasitceal or no, is very much disputed. | Observ- 
ation proves that the planets disturb one an- 
other’s motions by it, and that it decreases ac- 
cording to the squares of the distances of the Sun 
and planets; as light, which is known to be ma- 
terial, likewise does. Hence, gravity should seem 
to arise from the agency of some subtle matter 
pressing towards the Sun and planets, and acting 
dike all mechanical causes by contact. But, on 
the other hand, when we consider that the de- 
gree or force of gravity is exactly in proportion 
to the quantities of matter in those bodies, with- 
out any regard to their bulks or quantities of sur- 
face, acting as freely on their internal as external 
parts; it seems to surpass the power of mechan- 
ism, and to be either the immediate agency of the 


ae 
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Deity, or affected by a law originally established CHAP. 
and impressed on all matter by him. But some, Y""_, 
affirm that matter, being altogether inert, cannot 
be impressed with any law even by Almighty 
power ; and that the Deity, or some subordinate 
intelligence, must therefore be constantly impel- 
ling the planets toward the Sun, and moving them 
with the same irregularities and disturbances 
which gravity would cause, if it could be suppos- 
ed to exist. But, if a man may venture to pub- 
lish his own thoughts, it seems to me no more an 
absurdity, to suppose the Deity capable of infus- 
ing a law, or what laws he pleases into matter, 
than to suppose him capable of giving it exist- 
ence at first. The manner of both is equally in- 
conceivable to us, but neither of them imply a 
contradiction in our ideas; and what implies no 
contradiction is within the power of Omnipctence. 
161. That the projectile force was at first giv- 
en by the Deity is evident ; for, since matter can 
never put itself in motion, and all bodies may be. 
moved in any direction whatsoever ; and yet the 
planets, both primary and secondary, move from 
west to east, in planes nearly coincident ; whilst 
the comets move in all directions, and in planes 
very different from one another ; these motions 
can be owing to no mechanical cause or necessity, 
but to the free will and power of an intelligent 
Being. : 

162. Whatever gravity be, it is plain that it 
acts every moment of time; for if its action 
should cease, the projectile force would instantly 
carry off the planets in straight lines from those 
parts of their orbits where gravity left them. But, 
the planets being once put into motion, there is 
no occasion for any new projectile force, unless 
they meet with some resistance in their orhits ; 
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nor for any mending hand, unless they: disturb 
one another too much by ‘their mutual attrac-- 
tions. | 

163. It is ‘ae that there are ‘disturbances 3 
among the planets in their motions, arising from 
their mutual attractions when they are in the sare - 
quarter of the heavens; and the best modern ob-_ 
servers find that our years are not always precise- 
ly of the same length.’ Besides, there is reason, 
to believe that the Moon is somewhat nearer the 
Earth now than she was formerly, her periodical 
month being shorter than it was in former ages. , 
For our astronomical tables, which in the present ~ 
age shew the times of solar and lunar eclipses to: 
great precision, do not answer so well for very 
ancient eclipses. Hence it appears, that themoon 
does not move ina medium void of all’ resist-, 
ance, § 174; and therefore her projectile force 
being a little weakened, whilst there is nothing to 
diminish her gravity, she must be gradually ap-, 
proaching nearer the earth, describing smaller and 
smaller circles round it in every revolution, and 
finishing her period sooner, although her absolute 
motion withregardto, space be not soquick nowasit 
was formerly, and therefore she must come to the 


§ If the planets did not mutually attract one another, the 
areas described by them would be exactly proportional to 
the times of description, § 153. But observations prove 
that these areas are not in such exact proportion, and are 
most varied when the greatest number of planets are in any 
particular quarter of the heavens. When any two planets 
are in conjunction, their mutual attractions, which tend to 
bring them nearer to one another, draws the inferior one a 
little farther from the Sun, and the superior one a little 
nearer to him, by which means the figure of their orbits is 
somewhat altered ; but this alteration is too small to ve dis- 
sovered in several ages, 
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Earth at last; unless that Being which gaveher cyap, 
a sufficient projectile force at the beginning, adds Vil. 

4 little more to it in due time.* And, as all the 7. - 
planets move in spaces full of ether and light, — 
which are material substances, they, too, must 

meet with some resistance; and, therefore, if 

their gravities are not diminished, nor their pro- The worla 
jectile forces increased, they must necessarily ap-"°' ewe 


a 


© The acceleration of the Moon’s motion, to which Mr. 
Ferguson here alludes, amounts to about 11’’.8’’” in a cen- 
tury. It was generally ascribed to some resistance opposed 
to the motion of the Moon; but M. de la Place has lately 
discovered, that it arises from a diminution in the eccen- 
tricity of the Earth’s orbit. This, as well.as other irregu- 
larities in the solar system, generated by the mutual action 
of the planets, are all periodical: they are confined within § = 
narrow limits, and are balanced by irregularities of an equal 
and opposite kind. ‘There is no possibility, therefore, of 
that general unign of the planets in the centre of the sys- 
tem which ‘our author apprehends. By the most simple 
law, the diminution of gravity, as the square of the dis- 
tance increases, the planets are not only retained in their 
orbits, when whirling round acentral sun, but an eternal 
stability is insured to the solar system. ‘The little de-— 
rangements which affect the motions of the heavenly bodies 
are apparent only to the eye of the astronomer; and even 
these, after reaching a certain limit, gradually diminish, 
till the system, regaining its balance, returns to that state 
of harmony and order which preceded the commencement 
of these secular inequalities. Even amidst the changes and 
inequalities of the system, the general harmony is always 
apparent ; and those partial and temporary derangements 
which, to vulgar minds, may seem to indicate a progres- 
sive decay, serve only to evince the stability and perma- 
-nence of the whole. In the contemplation of such a 
scene, every unperverted mind must be struck with that 
astonishing wisdom which framed the various parts of the 
universe, and bound them together by one simple law. In 
no part of creation, indeed, has the Almighty left himself 
without a witness; but it is surely in the heavens above that 
the divine attributes are most gloriously displayed. Ep. 
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eHap. proach nearer and nearer the Sun, and at length 
Vil. fall upon and unite with him. : 
_ 164. Here we have a strong philosophical ar- 
gument against the eternity of the world. For, 
had it existed from eternity, and been left by 
the Deity to be governed by the combined ac- 
tions of the above forces or powers, generally 
called laws, it had been at an end long ago; 
and if it be left to them, it must come to an end. 
But we may be certain that it will last as long as 
was intended by its Author, who ought no more - 
to be found fault with for framing so perishable 

a work, than for making man mortal = 


wi 
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@F LIGHT.....ITS PROPORTIONAL QUANTITIES ON THE 
DIFFERENT PLANETS...ITS REFRACTIONS IN WATER 
AND AIR,....THE ATMOSPHERE.....1ITS WEIGHT AND 
PROPERTIES..+.THE HORIZONTAL MOON. 
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165. Liew consists of exceedingly small parti- cHap. 
clés of matter, issuing from a luminous body ; as — 
from a lighted candle, such particles of matter 
constantly flow in all directions. Dr. Niewentyt* 
computes, that in one second of time there flowsThe amaz- 
418, 660,000,000,000,000,.000, 000, 000, 000, 1%. of the 
0©00,000,000,000,000 particles of light out of a i of 
burning candle, which number contains at least °"” 
6,337,242,000,000 times the number of grains 
of sand in the whole earth, supposing 100 grains 
of sand to be equal in length to an inch, and con- 
sequently every cubic inch of the earth to con- 
tain 1,000,000 of such grains. 

166. ‘These amazingly small particles, by strik-The dread- 
: oe : : ul effects 
ing upon our eyes, excite in our minds the idea that would 
of light; and, if they were as large as the small- ensue from 
est particles of matter discernible by our bestlarger. 
microscopes, instead. of being serviceable to us, 
they would soon deprive us of sight by the force 
arising from their immense velocity, which is 
above 164,000 miles every second,’ or 1,230,000 


* Religious Philosopher, vol. iii, p. 65. 
* This will be demonstrated in the 11"? chapter. 
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CHAP. times swifter than the motion of a cannon-bullet.? 


vil, And therefore, if the particles of light were so 
large, that 1,000,000 of them were equal in bulk 
to an ordinary grain of sand, we durst no more 
open our eyes to the light, than suffer sand to be 
shot point blank against them. . 

iar vA 167. When these small particles, flowing from 


come visi- the sun or from a candle, fall upon bodies, and 

bleto us. are thereby reflected to our eyes, they excite in 

us the idea of that body, by forming its picture 

on the retina.*. And since bodies are visible on 

all sides, light must be reflected from them in all 
directions. 

Theraysof 168, A ray of light isa continued stream of 

ally abies “these particles, flowing from any visible body ina 

in straight straight line. That the rays move in. straight, 

- and. not in crooked lines, unless they be refract- 

ed, is evident from bodies.not being visible if we 

endeavour to look at them through the bore of a 

bended pipe ; and, from their ceasing’ to.be seen 

by the interposition of other bodies, as the fixed 

stars by the interposition of the,/Moon and _plan- 

ets, and the Sun wholly or in part by the inter- 

A proof position of the-Moon, Mercury, or Venus. And 

seiringlae that, these rays ,do-not interfere, or jostle one an- 

onean- Other out of their ways, in flowing from different 

a *™°-bodies all around, is,plain from the following ex- . 

periment, nism a little hole in aaa plate of 


3 As the mean Midted of the Sun ae the Earth, is 
‘nearly 95.000,000' English miles, and as light moves 
through this space in’8’ 7”, its velocity per second will be 
195,072 English miles, which 1s about 10,313 times great- 
er than the mean velocity of the Earth in its orbit.—Ep.. 

’ 4 A fine net-work membrane in the bottom of the eye, 
Some philosophers have maintained that, the choroid coat, 
situated behind the retina, is the seat of vision. ‘The sens- 
ation is conveyed from the seat of visionto.the brain by the 
optic nerves, which enter the back part of the eye.—Ep, 
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metal, and set the plate upright on a table, facing cHap. 
a row of lighted candles standing by one another; . V3 
then. place a sheet. of paper. or) pasteboard at .a 
little distance from the, other side of the plate, 
and the rays of all the candles, flowing through 
the hole, will form as many specks of light on 
the paper.as there are candles before the plate, 
each speck as distinct and large as if there were. 
only one candle to cast one speck, which shews 
that the rays. are no hindrance to each other in 
their motions, although they all cross in the 
holatn cape oe | 

169. Light, and therefore heat, so far as it de- 
pends on the Sun’s rays (§ 85, towards the end), 
decreases in proportion to the squares of the dis- 
tances of the planets from the Sun. _ This is easily 
demonstrated bya figure which, together with its 
description, I have taken from Dr. Smith’s Op- 
tics.° Let the light which flows from a point 4, Fig. 11. 
and passes through a square hole B, be received 
upon a plane C, parallel to the plane of the hole ; 
or if you please, let the figure C be the shadow 
of the plane 6 ; and when the distance Cis double 
of 5, the length and breadth of the shadow C will 
be each double of the length and breadth of the ta what 
plane B, and treble when 4D is treble of 4B, sete 
and so on, which may be easily examined by the heat de- 
light of a candle placed at 4, ‘Therefore the sny given 
surface of the shadow C, at the distance 4 (distance 


from the 


double of 4B, is divisible into 4 squares, and at sun. 


5 This probably arises from the great distance of the par- 
ticles of light ; for, as the impression of light continues 
upon the retina for the space of eight-thirds, and as light 
would in that time move through 26,010 miles, constant 
vision would be maintained by a succession of luminous par- 
ticles 26,010 miles distant from each other.—En, 

© Book j, Art. 57. 
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cHaP. a treble distance, into 9 squares, severally equal 
wi to the square B, as represented in the figure. The 
light then which falls upon the plane B being 
suffered to pass to double that distance, will be 
uniformly spread over 4 times the space, and 
consequently will be 4 times thinner in every part 

of that space, and at a treble distance it will be 9 

times thinner ; and at a quadruple distance, 16 

times thinner than it was at first, and so on, ac- 
cording to the increase of the square surfaces 

B,C, D, E, built upon the distances 4B, AC, 

AD, AE, Consequently, the quantities of this 
rarefied light received upon a surface of any given 

size and shape whatever, removed successively to 
these several distances, will be but 4, £, of 

the whole quantity received by it at the first dis- 

tance 46. Or, in general words, the densities 

and quantities of light received upon any given 

plane, are diminished in the same dpaccase as 

the squares of the distances of that plane, from 

the luminous body, are increased; and, on the 
contrary, are increased in the same proportion as 

these squares are diminished.’ ‘ 

Why the _ 170. The more a telescope magnifies the discs 
ore dime of the Moon and planets, they appear so much 
mer when dimmer than to the bare. eye, because the tele- 
through = SCope cannot magnify the quantity of light as it 
thane ne G0eS the surface ; and, by spreading the same 
bare eye. quantity of light over a surface so much larger 
_ than the naked eye beheld, just so much dimmer 


” This proposition is true only when the given plane is 
perpendicular to the direction of the ight which falls upon 
it ; for, when the plane is inclined to this direction, the den- 
sity and quantity of light or heat is ‘diminished, and this 
diminution is proportional to the cosine of the angle of in- 
clination.—Ep, , . 


‘ 
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must it appear when viewed by a telescope than GFEAP- 
il. 


by the bare eye, * 
1714, When a ray of light passes out of one aa 


medium into another,’ it is refracted or turned 

out of its first course, more or less, as it falls 
more or less obliquely on the refracting surface 
which divides the two mediums. This may be 
proved by several experiments, of which we shall 
only give three for example’s sake. 1, In a bason Fig. 8. 
FGH put a piece of money as D £, and then re- 

tire from it as to..d, till the edge of the bason.at 

E just hides the money from your sight ; then, 
keeping your head steady, let another person fill 

the bason gently with water. As he fills it, you 

will see more and more of the piece DB, which Refraction 
will be all in view when the ,bason is full, and? icy” 
appear as if lifted up to C. For the ray dE B, © 
which was straight whilst the bason was empty, 

is now bent at the surface of the water in Z, and 
turned out of its rectilineal course into the direc- 
tion HD. Or, in other words, the ray DEK, 

that proceeded in a straight line from the edge D 
whilst the bason was empty, and went above the 

eye at 4, is now bent at / ; and instead of going 

on in the rectilineal direction DEK, goes in the 


e . 5 


-. ® This position has been controverted by Dr. Herschel, 
who maintains, that telescopes have a penetrating, power. 
In a dark night, when the eye could not penetrate far into 
space, his 20 feet telescope shewed the clock on a distant 
steeple when the naked eye could not see the steeple itself. 
The penetrating power depends upon the quantity of re- 
flected or refracted light upon the apertures of the mirrors 
or lenses, and the size of the pupil. See Phil. Trans. 
1800, Part 1.—Ep. | act 
_. A medium, in this sense, is any transparent body, or that 
through which the rays of light can pass, as water, glass, 
diamond, air, and even a vacuum is sometimes called a mie- 
dium. 


CHAP. 
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angled direction DEA, and by entering the eye 
at .4, renders the object DB visible. Or, 2, 

Place the bason where the sun shines obliquely, 
and observe where the shadow of the riin & falls 
on the bottom as at A, then fill it with water, and 
the shadow will fall at D ; which proves, that the 
rays of light, falling obliquely on the surface of 


- the water, are refracted, or bent he gaia into 


‘The atmio- 
sphere. 


it. 

172. The less bihidiely the £08 of light fall 
upon the surface of any medium, the less the 
are refracted ; and if they ‘fall perpendicularly 
thereon, they are not refracted ‘at all. For,. 
the last experiment, the higher'the Sun rises, ths : 
less will be the difference between the places 
where the edge of the shadow falls in the empty 
and full bason. And, 8, If a’ stick be laid 
over the bason, and the sun’s rays being reflected 
perpendicularly into it from a looking’ glass, the 
shadow of the stick will fall upon the same place 
of the Bone, whether the bason be fall or 
empty. 

173. The denser that any medium is, the 
more is light refracted in passing through it. 

174. The Earth is surrounded by a thin fluid 
mass of matter, called the air or atmosphere, 
which gravitates to the earth, revolves with it in 
its diurnal motion, and goes ‘round the sun with 
it every year. This fluid is of an elastic or springy 
nature, and its lowermost parts being compressed 
by the weight of all the air above them, are press- 


ed the closer together, and are therefore densest 


of all at the Earth’s surface, and gradually rarer 
the higher up. It is well known‘ that’ the air 


? Newton’s System of the World, Dp. 120 
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near the surface of our earth possesses a space 
about 1200 times greater than water of the same 


weight.*_ And therefore, a cylindric column of © 


air 1200 feet high, is of equal, weight with a cy- 
linder of water of the’same. breadth, and but one 
foot high.):.But a cylinder of air reaching to the 
top of the ‘atmosphere:is of qual weight with a 
cylinder of water about 33 feet high ;* and there- 
fore, if from the whole cylinder of air, the lower 
part of 1200 feet high)is taken away, the remain- 
ing upper part will be'of equal weight with a cy- 


CHAP, 
Vill. 


linder of water 32 feet high ;, wherefore, at the ~ 


height of 1200. feet, or two furlongs, the weight 
of the incumbentair is less, and consequently the 
rarity of the compressed air is greater than near 
the Earth’s surface, in the ratio of 33 to 32. And 
the air at all heights whatsoever, supposing the 
expansion. thereof to be reciprocally proportional 
to its compression ; and this proportion has been 
proved by the experiments of Dr. Hooke and 
others. . The result of the computation I have 
set down in the annexed table; in the first co- 
lumn of which you have the height of the air in 
miles, whereof 4000 make a semi-diameter of the 
Earth ; in the second the compression of the air, 
‘or the incumbent weight ; in the third, its rarity 
or expansion, supposing gravity to decrease in the 
duplicate ratio of the distances from the Earth’s 
centre. And the small numeral figures are here 
used,toshew what number of eyphers must be join- 
ed to the numbers expressed by the larger figures, 
as 0.°71224 for O.000000000000000001 224: 
and 26956** for 26950000000000000000. 


* Air is only 900 times denser than water.——-Ep. 
~ ‘This is evident from common pumps. 
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The air’s 
compres- 
gion and 
¥arity at 
different 
seights. 


Its weight 
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Aur’s 


0}, 0.7 °54465 


| 2626378 9} 


0.22°7895 |, 41798297 
' 0.229878 |, 33414209 
Infinite. | 0.***9941 54022905] 


From the above table, it appears that the air in 
proceeding upwards is rarefied in such a manner, 
that a sphere of that air which is nearest the 


Earth but of one inch diameter, if dilated to an 


equal rarefraction with that of the air at the 
height of 10 semi-diameters of the Earth, would 
fill up more space than is contained in the whole 
heavens on this side the fixed stars. _ And it like- 
wise appears that the Moon does not moye in a 
perfectly free and unresisting medium, although 
the air, at a height equal to her distance, is at 
least 3400 °° times thinner than at the Earth’s 
surface, and therefore cannot resist her motion se 
as to be sensible in many ages. 

175. The weight of the air at the Earth’s sur- 


how found. f ce is found by experiments made with the air- 


pump, and also by the quantity of mercury that 

the atmosphere balances in the barometer, in 

which, at a mean state, the mercury stands 292 

inches high. And if the tube were-a square inch 

wide, it would at that height contain 292 cubic, 

inches of mercury, which is just 15 pound weight; 
3 AS a 
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and so much weight of air every square inch of CHAP. 

the Earth’s surface sustains; and every square belies 

foot 144 times as much, because it contains 144 : 

square inches. Now, as the Earth’s surface con- 
‘tains, in round numbers, 200,000,000 square 

miles, it must contain no less than 5,575,680, 

000,000,000 square feet; which, bemg multi- 

plied by 2160, the number of pounds on each 

square foot amounts to 12,043,468,800,000, 

000,000 pounds for the weight of the whole at- 

mosphere. At this rate, a middle-sized man, 

whose.surface is about 15 square feet, is pressed 

by 32,400 pound weight of air all around; for 

fluids press equally up and down, and on all sides. 
But, because this enormous weight is equal on 

all sides, and counterbalanced ‘by the spring of 

the air diffused through all parts of our bodies, 

itis not in the least degree felt by us. 

176. Oftentimes the state of the air is such, Be Pomarins 
that we feel ourselves languid and dull; which crabs’! 
is commonly thought to be occasioned by the yeistt of 
air’s being foggy and heavy about us. But that = 
the air is then too light, is evident from the mer- 
cury’s sinking in the barometer, at which time 
it is generally found that the air has not suffi- 
cient strength to bear up the vapours which com- 
pose the clouds: for, when it is otherwise, the 
clouds mount high, and the air is more elastic 
and weighty about us, by which means it balances 
the internal spring of the air within us, braces 
up our blood-vessels and nerves, and makes us 
brisk and lively. 

177. According to Dr. Keill,’ and other astro- 

_ nomical writers, it is entirely owing to the atmo- 


* See his Astronomy, p. 232 
Vol. I, 
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CHAP. sphere that the heavens appear bright in the day- 
v_jtime. For, without an atmosphere, only that 
Without an part of the heavens would shine in which the Sun 
atmosphere was placed: and if we could live without air, 
would al- and should turn our backs toward the Sun, the 
dak, tad Whole heavens would appear as dark as in the 
we should night, and the stars would be seen as clear as in 
twilight. the nocturnal sky. In this case we should have 
no twilight; but a sudden transition from the 
brightest sunshine to the blackest darkness im- 
mediately after sun-set; and from the blackest 
darkness to the brightest sunshine at sun-rising ; 
which would be extremely mconvenient, if not 
blinding, to all mortals. But, by means of the | 
atmosphere, we enjoy the Sun’s hght, reflected 
from the aérial particles, for some time before he 
rises and after he sets. For, when the Earth, by 
its rotation, has withdrawn our sight from the 
* Sun, the atmosphere being still higher than we, 
has the Sun’s light imparted to it; which gra- 
dually decreases until he has got 18° below the 
horizon; and then, all that part of the -atmo- 
sphere which is above us is dark. From the 
length of twilight, the Doctor has calculated the 
height of the atmosphere (so far as it is dense 
enough to reflect any light) to be about 44 miles. 
But it is seldom dense enough at two miles height 
to bear up the clouds. } 
Tt brings 178. The atmosphere refracts the Sun’s rays 
the Sun in e A qi ahex 
view before SO aS to bring him in sight every clear day, be- 
he rises,and fore he rises in the horizon ; and to keep him in 
keeps him _ : ° 
in view View for some minutes after he is really set’ below 
afterhesets. jt, For, at some times. of the year, we see the 
Sun 10 minutes longer above the horizon than 
he would be if there were no refractions: and 
about 6 minutes every day, at a mean rate. 
Fig: 9. 179. To illustrate this, let JK be a part of 


é 


' 
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“the Harth’s*oarface, coveled with the-atmosphiere “CHA?. 
AGE Cs and ket HE ‘Be the fone hotia6n SM. 
‘of an.obseryer at FE.) When, the Sun, es Bust / 
really. below the-horizon,:a xay..of bakes €;pro- 
seeeding from, him coinesetraighttor G5: iehest 

falls brite "ett face Of" ‘the atihosphers,° Cand there 
entering’ 4 ‘defiser, anedinns sie is. ‘turned’ out "oF 4 its 
‘rectilineal. course: nt » down, to, the 
observer’s eye at EB: who aie sees the Sun in 

the direction of the refracted ray Ede, which 

lies above the horizon, and being extended out 

to the heavens, shews the Sun at B, § 171. 

- 180. The higher the Sun rises, the less his 

rays are refracted, because they fall less oblique- 
ly on the surface of the atmosphere, § 172. 
Thus, when the Sun is in the direction of the 
line Lf ZL continued, he is so nearly perpendi- 
cular to the surface of the earth at £, that his 
rays are but very little bent from a rectilineal 
course. 

181. The Sun is about 32-/ of a degree in The quan 
breadth, when: at his mean distance from the #2) 
Earth ; 7 haved the horizontal refraction of his rays 
is 332,', which, being more than his whole dia- 
meter, bring all his disc in view, when his upper- 
most edge rises in the horizon. At 10° height, 
the refraction isa little more than 5’; at 20° 
Gale 235" 3 at 30° but 1’ 38”; between which 
and the zenith it is scarce sensible : the quantity 
throughout is shewn by the annexed table.? 


2 A\s far as one can see round him on the earth. 

3 Instead of Sir Isaac Newton’s table of refractions, | 
which was published in all the former editions of this work, 
and was very imaccurate, we have inserted a new table, 
founded upon the correct observations of Dr. Bradley, and 


suited 
H2 


e 
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‘CHAP. suited:to a-‘mean state of the atmosphere, when the baro- - 
J WMI. meter is at 30.00, and Fahrenheit’s thermometer at 55°. 
\lemmnyamme Tf the barometer be higher than 30°, and the thermometer 
lower than 55°, the refraction is greater than that which 
-the table assigns ; and if the barometer be lower than 30°, 
sand «the thermometer higher than 55°, the refraction 
assigned by the table is too small. In low altitudes, this 
variation in the refraction, arising from a variation in the 
“state of the atmosphere, is very considerable; but when the 
altitude exceeds 60°, it may be safely neglected.—Ep. 


f i” * } 5 
¢ 
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182. Table shewing the Refractions of the Sun, Moon, and CHAP. 
Stars, adapted to their apparent Altitudes, and to a mean state VIII: 
of the Atmosphere, when tlhe Barometer is at 30.00, and the ——~v———~*. 
Thermometer of Fahrenheit, at 55%. 


Refrac- || Ap. Refrac. | 
tion. || Alt. tion. 


a Contcernin'ys g the Himosphe ane: ‘ 


CH “183. Tn all Fate eh to Haye, the. true. alti- 
“ry tude, of the Suny, Moon," \or stars, the .tefraction 
must be subtracted fromthe ‘obsérved: ‘altutude. ¢ 
The incon- But the quantity of. refraction is..not always. the 
ee oa at the same altitude; because heat diminishes 
the air’s refractive power and dénsity, and“cold 
increases both; and, therefore, no one table.can 
serve precisely: for ‘the: samé place at: all. seasons, 
nor even at all times of the same-day; much less 
for different climates ; it having been observed, 
that the horizontal refractions. ‘are_neara_third 
part less at the equator thanat Paris;:as mention- 
ed by Dr? Smith in ‘thé 370° remark on ‘his'Op- 
tics, where the following account is'given of an 
extraordinary refraction’ of the sun-beams by 
A very re- cold :—*-There is--a-famous. observation-of . 
markable kind made by somé’ Hollanders ‘that! winteréd in 
atop di Nova Zembla in the year 1596, who were‘sur- 
prised to. find, that, after a ‘continual night of 
3 months, the sun began. to rise 1% days)sooner 
- than~ according~ to~ computation; deduced~from 
the altitude of the ‘pole, ‘observed’ to be 76°: 
which cannot otherwise be accounted. for, than 
by an extraordinary: refraction of the sun’s rays, 
passing through the cold dense‘air in that clim- 
ate. ‘Kepler computes, that the sun was-almost 
57 below. the horizon when he ‘first appeared ; 
and, consequently, the, refraction: of. his a5 was 
et g times ‘greater than itis withsus,’ 
184, The sun and ‘moon appear of an oval 
Dig. 10. figure, Cee Od OF OS 9) D, just, after their rising, arid be- 
fore their septung “the sreason’ is, that the, refrae- 


4 the observed inte of ths Selest fl isaibs must also 


be corrected bya the spakcoter of Sires ssa EY Us 
Chap. 23. ED. r 


‘ 
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tion being greater in the horizon than at any dis- cHar. 
tance above it, the lowermost limb G appears, Y"" 
more elevated than the uppermost. But, al-  ' 
though the refraction shortens the vertical dia- 
meter /’G, it has no sensible effect on the hori- 
zontal diameter C.D, which is all equally elevat 
ed. ‘When the refraction is so small as to be 
imperceptible, the sun and moon appear perfect- 
ly round, as dE PF. | 

185. We daily observe, that the objects which Our imagi- 
appear most distinct are generally those which io, Stace 
are nearest to us; and, consequently, when we rightly of 


° A ° ° e ° ° th di £ 
have nothing but our imagination to assist us in ofinacceesi 


estimating distances, bright objects seem near- bl« objects. 
er to us than those which are less bright, or than 
the same objects do when they appear less bright 
and worse defined, even though their distance in 
both cases be the same. And if, in both cases, 
they are seen under the same angle,* our imagin- 


> An angle is the inclination of two right lines, as 7 H Puate HH, 
and K H, meeting ina point at 4H; and in describing an Fig: 5 
angle by three letters, the middle letter always denotes the 
angular point ; thus, the above lines / H and KH meeting 
each other at H, make the angle /A K. And the point 
His supposed to be the centre of a circle, the circum- 
ference of which contains 360 equal parts, called degrees. 
A fourth part of a circle, called a quadrant, as G E, con- 
tains 90° ; and every angle is measured by the number of 
degrees in the arc it cuts off; as the angle £ H P is 45°, 
the angle LE H F-33°, &c. and so the angle L HF is the 
same with the angle C HN, and also with the angle 
44H My, because they all cut off the same are or portion 
of the quadrant E G; but the angle E A F is greater than 
the angle CH D or AHL, because it cuts offa greater 
arc. 

The nearer an object is to the eye, the bigger it ap- 
pears, and under the greater angle is it seen. ‘To illustrate 
this a little, suppose an arrow in the position J A, perpen- 

dicular 
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CHAR, ation naturally suggests an idea of a greater dis: 
"_, tance between us and those objects which appear 
fainter and worse defined, than those which ap- 
pear brighter under the same angles; especially 
if they be such objects as we were never near to, 

and of whose real magnitudes we can be no judges 
by sight. f: | ats, 
aii 186. But, it is not only in judging of the dif- 
which are ferent apparent magnitudes of the same objects, 
accessibie.. which are better’ or worse defined by their being 
more or less bright, that we may be deceived: 
for we may make a wrong conclusion even when 
we view them under equal degrees of brightness, 
and under equal angles ; although they be objects 
whose bulks we are generally acquainted with, 
such as houses or trees: for proof of which, the 

two following instances may suffice. 


dicular to the ‘right line #4, drawn from the eye,at H 
through the middle of the arrow at O. It is plain that the 
arrow is seen under the angle / HK, and that HO, which 
is its distance from the eye, divides into halves both the 
arrow and the angle under which it is seen, viz. the arrow 
into £0, O K, and the angle into J HO and K HO: and 
this will be the case whatever distance the arrow is placed 
at. Let now three arrows, all of the same length with 
IK, be placed at the distances HA, HC, HE, still per- 
pendicular to, and bisected by, the right line H 4; then 
will 4B, CD, EF, be equal to, and represent OJ; and 
4 B (the same as OJ) will be seen from H under the angle 
AH; but CD the (same as OJ) will be seen under 
the angle CHD or AHL; and E F (the same as O7) 
will be seen under the angle EH F, or CH N, or AH M. 
Also E For Ol at the distance H E will appear as long 
as ON would at the distance HC, or as 4 M would at 
the distance H 4; and C D or JO at the distance H C will 
appear as long as 4 L would at the distance H A, So that 
as an object approaches the eye, both its magnitude and 
the angle under which it is seen increase ; and as the ob- 
ject recedes, the contrary. 


Horizontal Moon explained. 121 


First, When a house is seen over a very broad CHAP. 
tiver by a person standing on low ground, who 
sees nothing of the river, nor knows of it before- ‘The reason 
hand, the breadth of the river being hid from *"°¢ 
him, because the banks seem contiguous, he loses 
the idea of a distance equal to that breadth ; and 
the house seems small, because he refers it to a 
less distance than it really is at. But, if he goes toa 
place from which the river and interjacent ground 
can be seen, though no farther from the house, 
he then perceives the house to be at a greater dis- 
tance than he imagined; and therefore fancies it 
to be bigger than he did at first; although in 
both cases it appears under the same angle, and, 
consequently, makes no bigger picture on the 
retina of his eye in the latter case than it did in 
the former. . Many have been deceived, by tak- 
ing a red coat of arms, fixed upon the iron gate 
in Clare-hall walks at Cambridge, for a brick 
house at a much greater distance. ° 

Secondly, In foggy weather, at first sight, we 
generally imagine a small. house, which is just at 


© The fields which are beyond the gate rise gradually 
till they are just seen over it; and the arms being red, are 
often mistaken for a house at a considerable distance in 
those fields. 
_ ‘Lonce met with a curious deception in a gentleman’s 
garden at Hackney, occasioned by a large pane of glass in 
the garden wall at some distance from his house. The 
glass (through which the sky was seen from low ground). 
reflected a very faint image of the house; but the image 
seemed to be in the clouds near the horizon, and at that 
distance looked as if it were a huge castle in the air. Yet, 
the angle under which the image appeared, was equal to 
that under which the house was seen: but the image be- 
ing mentally referred to a much greater distance than the 
house, appeared much bigger to the imagination. 


CHAP. 


Fig. 12. 
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hand, to be a great castle at a distance; because 
it appears ‘so dull and ill defined, when seen 
through the mist, that we refer it to a much 
greater distance than it really is at; and, there- 
fore, under the same angle, we judge it to be 
much bigger. For, the near object FH, seen by 
the eye 48D, appears under the same angle 
G CH that the remote object GH J does: and 


—. the rays GF C Nand HEG M crossing one an- 


Why the 
Sun and 


Moon ap- 


other at Cin the pupil of the eye, limit the size 
of the picture ./N on the retina; which is the 
picture of the object FL, and if # E were taken 
away, would be the picture of the object GH J, 
only worse defined; because GH J, being far- 
ther off, appears duller and fainter than F'£ did. 
But when a fog, as K L, comes between the eye 
and the object F'£, the object appears dull andill . 
defined like GHZ; which causes our imagina- 
tion to refer F' £ to the greater distance C A, 
instead of the small distance C E which it really 
is at. And, consequently, as mis-judging the 
distance does not in the least diminish the angle 
under which the object appears, the small hay 
rick FE seems to be as big as GA J. 

187. The Sun and Moon appear bigger in the 
horizon than at any considerable height above it. 


pearbiggest' [hese luminaries, although at great ‘distances 


in the ho.~ 


Tizon, 


Fig. 9. 


from the earth, appear floating, as it were, on 
the surface of our atmosphere HGF f eC, a little 
way beyond the clouds; of which those about F, 
directly over our_heads at £, are nearer us than 
those about H or e in the horizon H He. There- 
fore, when the Sun or Moon appear in the hori- 
zon at e, they are not only seen in a part of the 
sky which is really farther from us than if they 
were at any considerable altitude, as about /; 
but they are also seen through a greater quantity 
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ef air and wapouys ate thanat /- Here we have 
two concurring appearances which deceive our 
imagination, and cause us 'to refer the Sun and 


Moon to.a'greater distancerat) their rising or set 
about: é; than when: they are, a aac 


high, asat fzofirst, their seeming to be ona part 


ofthe atmosphere! at e, whichi is! really’ farther. 
than f:frorh a: spectator at 4s and, secondly, 


their being»seen:through a grosser mediuini when 


CHAP. 


; 


at e, than when at f; which,»by rendering them - 


dimmer, causes us to imagine them to be at a yet 
greater distance. And as, in both cases, they are 


seen’ much under the same angle, we naturally 


judge them to be biggest when they seem farthest 


from us ; like the above-mentioned house, § 186, 


seen from a higher ground, which shewed it to 
be farther off than it appeared from low ground : 
or the hay rick, which appeared at a greater dis- 
tance by means of an interposing fog. 


188. Any one may satisfy himself that the Their ap- 


Moon appears under no greater angle in the hori- 


parent dia- 
meters are 


zon than on the meridian, by taking a large sheet not less on 


. of paper, and rolling it up in the form of a tube, 


the meri- 
dian than 


of such a width, that, observing the Moon through in the ho- 
it when she rises, she may, as it were, just fill the "*°™ 


tube; then tie a thread round it, to keep it of that 
size; and when the moon comes to the meridian, 


and appears much less to the eye, look at her 


again through the same tube, and she will fill it - 


just as much, if not more, than she did at her 
rising. 3 
189. When the full moon is in perigee, or at 


7 The Sun and Moon subtend a greater angle on the 
meridian than in the horizon, being nearer the observer’s 
place when they are in the meridian, by the whole semis 
diameter of the Earth. 
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cHAP. her least distance from the éarth, she is seen un- 

it der a larger angle, and must therefore appear 
bigger than when she is full at other times; and 
if that part of the atmosphere where she rises be 
more replete with vapours than usual, she appears 
so much the dimmer ; and, therefore, we fancy 
her to be still bigger, by referring her to an 
unusually great distance; knowing that no ob- 
jects which are very far distant can appear big un- 
fess they be really so. . 


CHAP. IX. 


THE METHOD OF FINDING THE DISTANCES OF THE 
SUN, MOON, AND PLANETS. 


\ 


190. "Tose who have not learned how to cuap, 
take the® altitude of any celestial object by a, * 


8 ‘The altitude of any celestial object is am arc of the 
sky intercepted between the horizon and the object. In 
Fig. 6 of Plate II, let H O X be a horizontal line, supposed 
to be extended from the eye at 4 to X, where the sky and 
earth seem to meet at the end of a long and level plain; 
and let S be the Sun. The arc X Y will be the Sun’s 
height above the horizon at X, and is found by the instru- 
ment £ CD, which is a quadrantal board, or plate of 
metal, divided into 90 equal parts or degrees on its limb 
D PG; and has a couple of little brass plates, as a and J, 
with a small hole in cach of them, called sight-holes, for look- 
ing through, parallel to the edge of the quadrant whereon 
they stand. To the centre EZ 1s fixed one end of a thread 
F, called the plumb line, which has a small weight or plum- 
met P fixed to its other end. Now, if an observer holds 
the quadrant upright, without inclining it to either side, 
and so that the horizon at X is seen through the sight 
holes a and 4, the plumb line will cut or hang over the 
beginning of the degrees at O, in the edge ZC ; but if he 
elevates the quadrant so as to look through the sight holes 
at any part of the heavens, suppose the Sun at S; just so 
many degrees as he elevates the sight hole 4 above the ho- 

rizontal 
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CHAP. common quadrant, nor know any thing of plain 
trigonometry, may pass over the first article of 
praretv.this short chapter, and take the astronomer’s 
word for it, that the distances of the Sun and 
planets are as stated in the first chapter of this 
book. But, to every one who knows how to 
take the altitude of the Sun; the Moon, ora star, 
and can solve a plain. right: angled triangle, the 
following method of finding the distances of the 

Sun and Moon, will be easily understood. 
Fig. 3. Let Bd G be one half, of the Earth, 4 C_ its 
semidiameter, S the sun, m the Moon, aH EKOL 
a quarter of the circle described by the Moon in 
revolving from the meridian to the meridian 


P49 


rizontal line H OX, so many degrees will the plumb line 
cut in the limb C P of the quadrant. For, let the’ observ- 
er’s eye at 4 be in the centre of the celestial are X TV 
(and he may be said to be in the centre of the Sun’s ap- 
parent diurnal orbit, let him be on ‘what part of the earth 
he will), in which are the Sun is at that time,’ suppose 25° 
high, and let, the observer hold the’ quadrant ‘so that he 
may see the Sun through the sight holes; the plumb: Ime 
freely playing on the quadrant will cut the 25° im ‘the 
‘im the limb CP, equal to the number of degrees of ‘the 
Sun’s altitude at the time of observation.* ' N. B. Who-- 

_ ever looks at the Sun must have a smoked gla ss before ‘his 
eyes to save them from hurt. The better way is not to 
look at the Sun through the sight: holes, but to héld the 
‘quadrant facing the eye, at a little distance, and so that 
the Sun shining through one hole, the ray may be seen to 
fall on the other 


* Those who know much of mathematics, as) that the three angles 
of every triangle are equal to two right angles (Euclid, .B, I, prop. 32), 
‘will easily understand how the quadrant gives us the altitude of any 
celestial body. Since HO X isa horizontal line, and & F P perpen- 
dicular to the horizon, E HA will be a right-angled ‘triangle, and . 
the two angles a £H, Ha E, equal to aright angle. But asa EC - 
isa right angle,2 £ Mand H £ GC aretogetherequal toa right angle. 
From each of these take the angle 2 E H, and the remainder, H £C, 
or P EC, will be equal to  @ EB, the aliens. of the celestial body 
5.—En, 
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again. Let CAS be the rational horizon of an cHaP: 
observer at 4, extended to the Sun in the a a 
veis; and H dO his sensible horizon, extended Gorgon 
to the Moon’s orbit. 4 LC is the angle under 
which the Earth’s semidiameter 4 C is seen from 

the Moon at L, which is equal to the angle O 4 Z, 
because the right lines 4O and CL, which in- 
clude both these angles, are parallel.? 48 C is 

the angle under which the Earth’s semidiameter 
Cis seen from the Sun at S$, and is equal to 

the angle O 4/f, because the lines. 4 O and CRS 

are parallel. Now, it is found by observation, 
that the angle O.4 Lis much greater than the 
angle O df; but O 4 LZ is equal to 4 LC, and 

OA fis equal to 4 SC. Now, as 48 C is much 

less than 4 ZC, it proves that the Earth’s semi- 
diameter 4 G appears much greater as seen from 

the Moon at J, than from the Sun at S; and, 
therefore, the Earth is much farther from the , 
Sun than from the Moon.* ‘The quantities of 
these angles may be determined) -by observation 

m the following manner. 

Let a graduated instrument, as D4 E (the 
larger the better), having a moveable index with 
sight-holes, be fixed in such amanner, that its 
plane surface may be parallel to the plane of the 
equator, and its edge 4D in the meridian: so 
that when the Moon is in the equinoctial, and on 
the meridian 4.D E, she may be seen through 
the sight: holes, heh the edge of the moveable 
index cuts the beginning of the divisions at 0, 
on the graduated limb D £; and when she is - 
so seen, let the Br ecise time be noted. Now, as 


$ Euclid, Book I, Prop. 29. 
* See the Note on § 185. 


on 


CHAP, 
~ IX, 


The moon’s 
horizontal 
parallax, 
what. 


198 The Method of finding the Distances 


the Moon revolves about the Earth, from the 
meridian to the meridian again, in about 24° 48", 
he will goa fourth part roundit ina fourth part of 
that time, viz. in 6" 12", as seen from C, that 
is, from the Earth’s centre or pole. But as seen 
from 4, the observer’s place on the Earth’s sur- 
face, the Moon will seem to have gone a quarter 
yound the Earth when she comes to the sensible 
horizon at O ; for the index, through the sights 
of which she is then viewed, will be at d, 90° 
from J, where it was when she was seen at £, 
Now, let the exact moment when the Moon is 
seen at O (which will be when she is in or near 
the sensible horizon) be carefully noted,’ that 
it may be known in what time she has gone from 
E to O; which time subtracted from 6° 12” 
(the time of her going from £ to L£), leaves the 
time of her going from O to £, and affords an 


‘easy method for finding the angle O 4 L (called 


the moon’s horizontal parallax, which is equal to 
the angle 4 ZC) by the following analogy: as 
the time of the moon’s describing the arc EO is 
to 90°, so is 6" 12™ to the degrees of the arc 


- Dd E, which measures the angle E.4Z; from 


which subtract 90°, and there remains the angle 
OAL, equal to the angle 4 ZC, under which 
the Earth’s semidiameter 4 C is seen from the 
Moon. Now, since all the angles of a right- 
lined triangle are equal to 180°, or to two right 
angles, and the sides of a triangle are always pro- 
portional to the sines of the opposite angles, say, 


? Here proper allowance must be made for the refrac- 
tion, which being about 33 minutes of a degree in the ho- 
rizon, will cause the Moon’s centre to appear 33 minutes 
above the horizon when her centre is really in it. 
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by the rule of three, as the sine of the angle 4 LC CHAP. 
at the, Moon.Z is to its,opposite side 4 C, the 
Earth’s semidiameter, which is known to be en 3 
3,985 miles, so is radius, viz. the sine of 90° g CUE EG 
or of the right angle 4 ZC, to its opposite side cha: 
A D, whichis the Moon’s distance at L from 
the observer’s place at 4 on the Earth’s surface; 
or, so is the sine of the angle C.4 L to its oppo- 
site side CL, which is. the Moon’s distance from 
the Earth’s centre, and comes out at a mean rate 
to be 240,000 miles.* . The angle C A Lis 
equal to what 0.4 L wants of 90°. 

191. The Sun’s distance from the Earth, might 1 The Sun’s 
be found the same way, though with more diffi. {3"*s 


cannot be 


culty, if his horizontal parallax, or.,the, angle YEhstP AM 
O.AS, equal to the angle 4S C, were not so tod 
small, as to be hardly perceptible, being. scarce the Moon’s 
10”, or the. 360" part of a degree, But the 
Moon’s horozontal parallax, or angle 0.4L, 
equal to the angle-4 ZC, is very discernible, 
being 57’ 18”, or 9438” at its mean state; which 
is more than 340 times as great as’ the Sun’s : 
and, therefore, the distances of the. heavenly 
bodies being inversely as the tangents of ‘their 
horizontal parallaxes, the Sun’s distance from 
the Earth is at least 340 times as great.as the 
_Moon’s; andis rather under-rated at 81,000,000 
of miles, when the Moon’s distance is certainly 
known to be 240,000. But because, according 
to some astronomers, the Sun’s horizontal paral- 
lax is 11, and, according to others, only 10”, 
the former parallax making the Sun’s distance to 
be about 75,000,000 of miles, and the latter 
82,000,000; we may take it for granted, that 
the Sun’s distanioe is not less, than as deduced 
from the former, nor more than as shewn by the 


¥ See Chap: xxiji, vol. ii. 


Fol. th. 
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one) latter: and every one who is accustomed to 
x. Make such observations, knows how hard it is, 
if not impossible, to avoid an error of a second ; 
especially on account of the inconstancy of hori- 
zontal refractions. And here, the error of one 
’ second, in‘so small an ‘angle, will make an error 
of 7,000,000 of miles in so great a distance as 
that of the Sun’s. But Dr. Halley has shewn 
us how the Sun’s distance from the Earth, and, 
consequently, the distances of all the planets from 
the Sun, may be known to within a 500" part of 
the whole, by a transit of Venus over the Sun’s 
disc, which will happen on the 6" of June, in 
the year 1761; till which time we must content 
How near ourselves with allowing the Sun’s distance to be 
maysoon be About 81,000,000 of miles, as commonly stated 

determined. hy astronomers. * | 
The Sun 192. The Sun and Moon appear much about 
proved to the same bulk ; and every one who understands 
bigger than geometry, knows how their true bulks may be 
the Moon. deduced from the apparent, Wwhen their real dis- 
tances are known. Spheres are to one another © 
as the cubes of their diameters ; whence, if the 
Sun be’81,000,000 of miles from the Earth, to 
appear as big as the Moon, whose distance does 
not exceed 240,000 miles, he must, in solid bulk, 

be 42;875,000 times ‘as big as the Moon. 

193. The horizontal parallaxes are best ob: 
served at the equator: 1.- Because the:heat is so 
nearly equal every day, that the refractions are 
almost constantly the same: 2. Because the pa- 
rallactic angle is greater there, as at 4 (the dis- 
tance from thence to the Earth’s axis being great- 
er) than upon any parallel of latitude, as a or 0. 


2 From observations on the transit of Venus in 1761 and 
1760, the horizontal parallax of the Sun was found to be 
nearly 8.01 which: gives:us for. the mean distance of the 
Sun from the Earth 95,000,000 of miles. —En. 
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194, The Earth’s distance from the Sun being -cHaP. 
determined, the distances of all the other planets: 
from him are easily found by the following ana- Therelative 
logy, their periods round him being-ascertained }s7nccs of 
by observation. As the square of ‘the Harth’s from the 
period round the Sun, is'to the cube of its dis- 77°. 
tance from the Sun, so is the square of -the pe- great preci- 
riod of any other planet to the cube of its distance, eeretnongh 
in such parts or measures as the Earth’s distance distances 
was taken; see § 111. This proportion gives a pant fu 
the relative mean distances of the planets from 
the Sun to the greatest degree of exactness ; and 
they are as follows, having been deduced from 
their periodical times, according to the law just 
mentioned, which was discovered by Kepler, and 
demonstrated by Sir Isaac Newton. 


3 The following calculations, except those in the two last lines, were 
printed in former .editions of this work, before the year 1761. Since 
that time, these two lines (as found by the transit a. p. 1761) were 
added ; and also § 195. 


Periodical revolutions to the same fixed star in. days, and deci- 
mal parts of a day. 
Mercury Venus The Earth Mars Jupiter t Saturn 
87.9692 . 224.6176 365.2564 686.9785 4.333.514  10759.275 
Relative mean distances from the Sun. 
38710 42333 100000 152369 520096 954006 


From these numbers we deduce, that if the Sun’s horizontal parallax be 10”, the 
real mean distances of the pjanets from the Sun in English miles are 


31,742,200 59,313,060 82,000,000 124,942,680 426,478,720 -782,284,920 
But if the Sun’s parallax be 11”, their distances are no more than 
29,032,500 54,238,570 75,000,000 114,276,750 $90,034,500 715,504,500 
Errors in distance arising from the mistake of 1” in the Sun’s parallax, 
2,109,100 5,074,490 7,000,000 10,665,830 36,444,920 66,780,420 


But, from the late transit of Venus, a. p, 1761, the Sun’s parallax appears to be 
only 8” 4%3,; and, according to that, their real distances in miles are 


36,841,468 68,891,486 95,173,127 145,014,148 494,990,976 907,956,130 
) And their diameters in miles are * 
3100 9360 7970 5150 94,100 17,990 
| 12 
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CHAP. - 195. These numbers shew, that although we 
sea have the relative distances of, the planets from the 
Sun to the greatest nicety, yet the best, observers 
could not-ascertain their true distances, until the 
late: long-wished for transit appeared, which we 
must confess was embarrassed with several difh- 
culties. But there will be another transit of Venus 
over the Sun, on the 3*.of June 1769, much bet- 
ter suited to this great problem... We wish the 
sky may beclear at all places of observation, since 
there. will not be such-an opportunity again in less 

than. 105. years afterward. 

» 196.. The Earth’s.axis produced to the stars, 
being, carried ‘parallel to itself-during the Earth’s 
annual revolution, describes a circle in the sphere 
of the fixed stars equal.to the orbit of the arth. 
Why the .But this orbit, though very large, would seem no 
ase aeail bigger than a pomt if it were viewed from the 
tokeep stillstars ; and, consequently, the citcle described in 
in the @m€ the sphere of the stars by the axis of the Earth 


oO 

the hea produced, if viewed from the Earth, must appear 
Rant: net but as a point, that is, its diameter appears too 
oy fey little to be measured by observation; for Dr. 
motion Bradley has assured us, that if it had behted 
sndithe AG a sine le, second, or two at most, he should have 
perceived it in the great number of observations 
he has made, especially upon y Draconis, and that 
it-seemed to him very probable that the annual 
parallax of this star is not so great as a single se- 


cond, and consequently that it is above 400,000 


J 


4 By this is meant, that if a line be supposed to be 
drawn parallel to the Earth’s axis in any part of its orbit, 
‘the axis keeps parallel to that line in every other part of its 
orbit ; as in Fig. 1. of Plate V, where abcdefgh represents 
the Earth’s orbit in an oblique view, and Ns the Earth’s 
axjs keeping always parallel to the line AZ. 
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times farther from us than the Sun. Hence, the ‘CHAP 
celestial poles seem to continue in the same points 
of the heavens throughout the year, which by no 
means disproves the Earth’s annual motion, but 
plainly proves the distance of the stars to be ex- 
ceeding great. 

197. The small apparent motion of the stars, 
§ 113, discovered by that great astronomer, he 
found to be nowise owing to their annual parallax 
(for it came out contrary thereto,) but to the 
aberration of their light, which can result from 
no known cause besides that of the Earth’s, an- 
nual motion; and as it agrees so exactly there- 
_ with, it proves beyond dispute that the Earth has 
such a motion ; for this aberration completes all 
its various phenomena every year, and proves that The amaz- | 
the velocity of star-light is such as carries it aed 
through a space equal to the Sun’s distance from 
us in 8” 13° of time. Hence, ‘the velocity. of 
light is’ 10,210 times as great as the Earth’s ve- 
locity in its orbit; which velocity (from what we 
know already of the Earth’s. distance from the 
Sun) may be asserted to be at least between ,57 
and 58,000 miles every hour ; and supposing «it 
to be 58,000, this number, multiplied by, the 
10,210, gives 592,180,000 miles for the hourly 
motion of light, which last number divided by 
3600, the number of seconds in an hour, shews 
that light flies at the rate of more than 164,000 
miles every second of time, or swing of a com- 
mon clock pendulum. ° 


’ Smith’s Optics, §. 1107. 
* See p. 106, note. | ‘ 
I3 


CHAP. X. 


“  o/PHE CIRCLES OF THE GLOBE DESCRIBED——THE DIF= 
*". BERENT LENGTHS OF DAYS AND NIGHTS, AND THE! 


4°) WICISSITUDES OF SEASONS EXPLAINED-—-THE EX~ 


PLANATION OF THE PHENOMENA OF SATURN’S RING 


CONCLUDED, (SEE § 81 & 82.) ibe 


euar. 198. Le the reader be hitherto unacquaitited with 


the principal circles of the globe, he should now 


Circles of learn to know them, which he may do’sufficient- 
the sphere. Jy for his present purpose in‘a quarter of an hour, 


Big. 2. 


if he sets the ball ofa terrestrial globe before him, 
or looks at the figure of it, wherein these circles 
are drawn and named. The equator is that great 
circle’ which divides the northern half of the 
Earth from the southern. The tropics are less- 
er circles parallel to the equator, and each of 
them is 232° from it, a degree in this sense be- 
ing the 360" part of any great circle which di- 
vides the Earth into two equal parts. The tro: 
pic of Cancer lies on the north side of the equa- 
tor, and the tropic of Capricorn on the south. 


Equator, ‘The arctic circle has the north pole forits centre, — 


tropics, 


polar cire and is just as far from the north pole as the tro- 


cles, and 
poles. 


pics are from the equator ; and the antarctic cir- 
cle (hid by the supposed convexity of the figure) 


> 


bo] 


— 
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is just as far from the south pole every way round CHAP. 
it. Fhese poles are the very north and south * 
points of the globe; and all other places are de- rig. 2. 
nominated northward or southward,.according to 
the side of the equator they lie on, and the pole 
to which they are nearest. ‘The Earth’s axis is a Earth’s 
straight line passing through the centre of the*** 
Earth, perpendicular to the equator, and termin- 
ating in the poles at its surface. ‘This, in the 
real Earth and planets, is only an imaginary line, 
but in artificial globes or planets it is a wire by 
which they are supported, and turned round in 
orreries, or such like machines, by wheel-work. 
The circles 12, 1, 2, 3, 4, &c. are meridians to Meridians, 
all places they pass through ; and we must sup- 
pose thousands more to be drawn, because every 
place that is ever so little to the east or west of 
any other place, has a different meridian from that 
other place. All the meridians meet in the poles, 
and whenever the Sun’s centre is passing over 
any meridian in his apparent motion round the 
Marth, it is mid-day or noon to all places on that 
meridian. eehteell 

199. ‘The broad space lying between the tro- . 
pics like a girdle surrounding ,the globe, is, called 
the torrid zone, of which the equator is in) the Zones, 
middle all around. ‘The space between the tro- 
pic of Cancer and arctic circle is called the north 
temperate zone. ‘That between the tropic of ca- 
pricorn and the-antarctic circle, the south tem- 
perate zone. And the two circular spaces bound- 
ed by the polar circles are the two frigid zones, 
denominated north or south, from that pole which 
is in the centre of the one or the other of them. 

200. Having acquired this easy branch of 
knowledge, the learner may proceed to make the 
following experiment with ;his terrestrial ball, 
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CHAP. which will give hima plain idea of the diurnal 

___, and annual motions of the Earth, together with 

the different lengths of days ‘and nights, and all 

the beautiful variety of seasons depending on those 
motions, | Lp? 

Pratt lV. ‘Take about seven feet of strong wire, and bend 

ie it into'a circular form, as abcd, which being view- 

experi- ed. obliquely, appears elliptical as in the figure. 

chewing Place a lighted candle on a table, and having fix- 


the difer- ed one end of a silk thread K to the north pole 
of ‘hukoiae of a small terrestrial globe H, about three inches 
rights, and diameter ; cause another person to hold the wire 
of seasons. Circle, so that it may be parallel to the table, and 
as high as the flame of the candle J, which should 
be in or near the centre. Then, having twisted 
the thread as towards the left hand, that, by un- 
twisting, it may turn the globe round eastward, 
or contrary to the way that the hands of a watch 
move; hang the globe by the thread within this 
circle, almost contiguous to it, and as the thread 
untwists, the globe (which is enlightened half 
round by the candle as the Earth is by the Sun) 
will turn round its axis, and the different places 
upon it will be carried through the light and dark 
hemispheres, and have the appearance of a regu- 
lar succession of days and nights, as our Earth 
has in reality by such a motion. As the globe 
turns, move your hand slowly, so as to carry the 
globe round the candle according to the order of 
the letters abcd, keeping its centre even with the 
wire circle ; and you will perceive, that the candle 
being still perpendicular to the equator, will en- 
lighten the globe from pole to pole in its. whole 
motion round the circle, and that every place on 
the globe goes equally through the light and the 
dark, as ‘it turns round by the untwisting of the 
thread, and therefore has a perpetual equinox or 


~ 


% 
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equality of day and’night. The globe thusturn- 
ing round represents the Earth turning round its 
axis; and the motion of the globe round the 
candle represents the Earth’s annual motion 
round the Sun, and shews, that if the Earth’s 
orbit had no inclination to its axis, all the days 
and nights of the year would be equally long, 
and there would be no different seasons. But 
now, desire the person who holds the wire to 
hold it obliquely in the position 4BCD, raising 
the side 25 just as much as he depresses the side 
vy, that the flame may be still in the plane of the 
circle ; and twisting the thread as before, that the 
globe may turn round its axis the same way as 
you carry it round the candle, that is, from west 
to east, let the globe down into the lowermost 
part of the wire circle at vp, and if the circle be 
properly inclined,* the candle will shine perpen- 


Leeman poeinene! 


dicularly on the tropic of Cancer, and the frigid summe; 


zone, lying within the arctic or north polar cir- 
cle, will be allin the light, as in the figure ; and 
will keep in the light, let the globe turn round its 
axis ever so often. From the equator to the north 
polar circle, all the places have longer days and 
shorter nights; but from the equator to the south 
polar circle, just the reverse. ‘Che sun does not 
set to any part of the north frigid zone, as shewn 
by the candle’s shining on it, so that the motion 
of the globe can carry no place of that zone into 
the dark; and at the same time the south frigid 
zone is involved in darkness, and the turning of 
the globe brings none of its places into the light. 
If the earth were to continue in the light part of 


* At an angle of 234° to the horizon, or to the plang 
of the table which supports the candle.—Ep, 


solstice. 


CHAP. 


pe 
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its orbit, the sun would. never 'set to the inhabit- 


ants of the north frigid zone, nor rise to those of 


the south. At the equator it would be always 
equal day and night; and as places are gradually; 
more and more distant from the equator towards 
the arctic circle, they would have longer days and. 
shorter nights, whilst those on the south side of 
the equator would have their nights longer than 
their days. In this case there would be conti- 


- nual summer on the north side of the equator, 


and continual winter on the south side of it. 

But as the globe turns round its axis, move 
your hand slowly forward, so as to carry the 
globe from H towards E, and the boundary of 
light and darkness will approach towards the 
north pole, and recede towards the south pole; 
the northern places will go through less and less 


_ of the light, and the southern places through 


Autumnal 
equinox, 


more and more of it, shewing how the northern 
days decrease in length, and the southern days 
increase, whilst the globe proceeds from A to E. 
When the globe is at E, it is at a mean state 
between the lowest and highest parts of its 
orbit ; the candle is directly over the equator, the 
boundary of light and darkness just reaches to 
both the poles, and all places on the globe go 


- equally through the light and dark hemispheres, 


shewing that the days and nights are then equal 
at all places of the Earth, the poles only except- 
ed, for the Sun is then setting to the north pole, - 
and rising to the south pole. 

Continue moving the globe forward, and as it 
goes through the quarter 4, the north pole re- 
cedes still farther into the dark hemisphere, and 
the south pole advances more jnto the light, as 
the globe comes nearer to 95 ; and when it 
comes there at F, the candle is directly over the 
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tropic of Capricorn, the days are at the shortest, CHAY. 
and nights at the longest, in the northern hemi- 
sphere, all the way from the equator to the arc- winter 
tic circle, and the reverse in the southern hemi-*'s4«*. 
sphere from the equator to the antarctic circles ; 
within which circle it is dark to the north frigid 
zone, and light to the south. 
Continue both motions, and as the globe moves 

through the quarter B, the north pole advances 
towards the light, and the south pole recedes to- 
wards the ures the days lengthen in the north- 

ern hemisphere, and shorten in the southern ; 

and when the globe comes to G, the candle will 

be again over the equator (as when the globe was 

at f), and the days and nights will again be equal 

as formerly, and the north pole will be just com- Verna! 
ing into the light as the south pole is going. out°!"~* 
of it. 

Thus we see the reason why the days lengthen 
and shorten from the equator to the polar circles 
every year; why, there is sometimes no day or 
night for many turnings of the Earth, within the 
polar circles; why there is but one day and one 
night in the whole year at the poles; and why 
the days and nights are equally long all the year 
round at the equator, which is always equally cut 
by the circle bounding light and darkness. . 

201. The inclination of an axis or orbit is Remark. — 
merely relative, because we compare it with some 
other axis or orbit which we consider -as not in- 
clined at all. Thus, our horizon being level to 
us, whatever place of the Earth we are upon, we 
consider it as having no inclination; and yet, if 
we travel 90° from that place, we shall then have Fig ». 
an horizon perpendicular to the former, but it 
will still be leyel to us. And if Plate IV be heid 
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cHAP. so that the* circle 4BCD be parallel to the hori-’ 
‘ ni ZON, both the circle abed, and the thread or 
axis K, will be inclined to it. But if the plate 
be held so that the thread be perpendicular to 
the horizon, then the orbit ABCD will be inclin- 
ed to the thread, and the orbit abcd perpendicu- . 
lar to it, and parallel to the horizon. We ge- 
nerally consider the earth’s annual orbit as hav- 
ing no inclination, and the orbits of all the other’ 
planets as inclined to it, § 20. 

202. Let us now take a view of the Earth in 
its annual course round the Sun, considering its 
orbit as having no inclination; and its axis as 
inclining 23% ° from a line perpendicular to 
the plane of its orbit, and keeping the same _ob- 
lique direction in all parts of fits annual course, 
or, as commonly termed, keeping always ietie 
to itself, § 196. 

PiareV, Let a,b,c, d,e,f, g,h, be the Earth in eight 
Mt different parts of its orbit, equidistant from one 
another 5 JVs its axis, Vits north pole, s its south 
pole, and § the Sun nearly in the centre of the 
Harth’s orbit, § 18. As the Earth goes round 
the Sun according to the order of the letters 
abcd, &c. its axis Ns keeps the same obliquity, 
A concise and is still parallel to the line Ms. When the 
view ofthe Earth is at a, its north pole inclines towards the 
Sun S, and brings all the northern places more 
into the light than at any other time of the year. 
But when the Earth is at e in the opposite time 


* All circles appear elliptical in an oblique view, as is 
evident by looking obliquely at the rim of a bason; for 
the true figure of a circle can only be seen when the eye is 
directly over its centre. ‘The more obliquely it is viewed, 
the more elliptical it appears, until the eye be in the samg¢ 
plane with it, and then it appears like a straight line. 
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of the year, the north pole declines from the Sun, CHAP. 
which occasions the northern places to be more 
in the dark than in the light; and the reverse at 
the southern places, as is evident by the figure 
which I have taken from Dr. Long’s astronomy. 
When the earth is either at c or g, its axis in- 
-clines not either to or from the Sun, but lies side- 
wise to him ; and then the poles are in the bound- 
ary of light and darkness, and the Sun, being di- 
rectly over the equator, makes equal day and 
night at all places. When the earth is at 4, it is 
half-way between the summer solstice and_har- 
vest equinox ; when it is at d, it is half-way from 
the harvest equinox to the winter solstice; at f, 
half-way from the winter solstice to the spring 
equinox; and at /, half way from the spring 
equinox to the summer solstice. 

-203. From this oblique view of the Earth’s Fig». 
orbit, let us suppose ourselves to be raised far 
above it, and placed just over its centre S, look- 
ing down upon it from its north pole ; and as the 
Earth’s orbit differs but very-little from a circle, 
we shall have its figure in such a view represent- 
ed by the circle ABCDEFGH, Let us suppose 
this circle to be divided into 12 equal parts, call- 
ed signs, having their names afixed to them ; 
and each sign into 30 equal parts, called degrees, 
numbered 10, 20, 30, as in the dutermost circle The seasons 
of the figure, which represents the great ecliptic". 
in the heavens. The Earth is shewn in eight dif- view of the 
ferent positions in this circle, and in‘each position me 
44 is the equator, T' the tropic of Cancer, the dot- 
ted circle the parallel of London, U the arctic or 
north polar circle, and P the north pole, where 
all the meridians or hour-circles meet, § 198. 
As the Earth goes round the Sun, the north pole 
Keeps constantly towards one part of the heavens, 


CHAP. 
X. 


Vernal 
equinox. 
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as it keeps in the figure towards the right hand 


side of the plate. 


When the Earth is at the beginning of Libra, 
namely on the 20™ of March, in this figure (as 
at g¢ in Fic. 1) the sun § as seen from the Earth 
appears at the beginning of Aries in the opposite 
part of the heavens,* the north pole is just com- 
ing into the light, and the Sun is vertical to the 
equator ; which, together with the tropic of Can- 
cer, parallel of London, and arctic circle, are all 
equally cut by the circle bounding light and dark- 
ness, coinciding with the six o’clock hour circle, 
and therefore the days and nights are equally long 
at all places; for every part of the meridian 
44TLa comes into the light at ‘six in the morn- 
ing, and revolving with the Harth according to 
the order of the hour-letters, goes into the dark 
at six in the evening. ‘There are 24 meridians 
or hour-circles drawn on the Earth in this figure, 
to shew the time of sun rising and setting at dif- 
ferent seasons of the year. 

As the Earth moves in the ecliptic according 
to the order of the letters ABCD, &c. through 
the signs Libra, Scorpio, and Sagittarius, the 
north pole P comes more and more into the light ; 
the days increase as the nights decrease in length, 
at all places north of the equator 4, which is 
plain by viewing the earth at bon the 5" of May, 


‘ when it is in the 15" degree of Scorpio,* and the 


sun as seen from the Earth appears in the 15™ 


3 Here we must:suppose the Sun to be no bigger than an 
ordinary point (as .) because he only covers a circle half a 
degree in diameter in the heavens, whereas in the figure he 
hides a whole sign at once from the Earth. 

4 Here we must suppose the Earth to be a much small- 
point than that in the preceding note marked for the 
Sun, 
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degree of Taurus. For then, the tropic of Can- 
cer T’is in the light from a little ‘after five in the 
morning till almost seven in the evening; the 
parallel of London from halfan hour past four 
till half an hour past seven; 'the»polar circle U 
from three till nine ; and a large track round the 
north pole P has day all the 24 hours, for many 
rotations of the Earth on its axis. 

When the Earth comes toc, at the beginning 
‘of Capricorn, and the Sun as‘seen from the Earth 
‘appears at the beginning of ‘Cancer, on the 21° 
of June, asin this figure, it is in ‘the position ain 
Fig 15 and its north pole inclines towards the 
Sun, so as to bring all the north frigid zone into 
the light, and the northern parallels of latitude 
more into the light than the dark from the equa- 
tor to the polar circle, and the more so as they 
are farther from the equator. ‘The tropic of Can- 
‘cer is in the light from five in the morning till 
seven at night, the parallel of London from a 
quarter before four till a quarter after eight ; and 
the polar circle just touches the dark, so that the 
Sun has only the lower half of his disc hid from 
the inhabitants on that circle fora few minutes 
about midnight, supposing no inequalities in the 
horizon, and no refractions. ; 

A bare view of the figure is enough to shew, 
that as the Earth advances from Capricorn to- 
wards Aries, and the Sun appears to move from 
Cancer towards Libra, the north pole recedes 
towards the dark, which causes. the days to 
decrease, and the nights to increase in length, 
till the Earth comes to the beginning of Aries, 
and then they are equal as before, for the 
boundary of light and darkness cuts the equator 
and all its parallels equally, or in halves. ‘The 
north pole then goes into the dark, and continues 


CHAP. 


x. 
reeenes nce) 


Summer 
solstice. 


Autumnai 
equinox. 
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cHaP. therein until the Earth goes half way round its 

__™*__ orbit, or fromthe 234 of September till the 20" 

| of March. In the middle between these times, 

viz. on the 22% of December, the north pole is as 

Winter far as it can be in the dark, whichis 234 °, equal 

‘elstieee to the inclination of the Earth’s axisfroma perpen- 

‘dicular to its orbit, and then the northern parallels 

are as much in the dark as they were in the light 

on the 21° of June; the winter nights being as 

long as the summer days, and the winter days as 

short as the summer nights. It is needless to en- 

large farther on this subject, as we shall have oc- 

casion to mention the seasons again in describing 

_ the Orrery, § 439... Only this must be noted, 

that all that has been said of the northern hemi- 

sphere, the contrary must be ) understood of the 

southern ; for, on different sides of the equator 

the seasons are contrary, because, when the north- 

ern hemisphere inclines towards the Sun, the 
southern declines from him. . 


The phe- 204. As Saturn goes round the Sun, his ob- 
Srure's ateniely posited ring, like our Earth’s axis, keeps 
zing. parallel to itself, and is therefore turned edgewise 


to the Sun twice in a Saturnian year, which is al- 
most as long as 30 of our years, § 81. Butthe 
ring, though considerably broad, is too thin to be 
seen by us when it is turned edgewise to the Sun, 
at which time it is also edgewise to the Earth; 
and therefore it disappears once in every 15 years 
tous. As the Sun shines half a year together. 
on the north pole of our Earth, then disappears 
to it, and shines as long on the south pole: so, 
during one half of Saturn’s year, the Sun shines 
on the north side of his ring, then disappears to 
it, and shines as long on its south side. When 
the Earth’s axis inclines neither to nor from the 
Sun, but sidewise to him, he instantly ceases. to 
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shine on one pole, and begins to enlighten the CHAP. 
other; and when Saturn’s ring inclines neither * 

to norfrom the Sun, but sidewiseto him, he ceases Appear 
to shine on the one side of it, and begins to shine *<¢ 274 


disappear- 
upon the other. moa ance of Sa 
Let Sbe the Sun, ABCDEFGH Saturn’s or- fr) 3 PN 


bit, and JKZMNO the Earth’s orbit. Both Fig. 3. 
Saturn and the Earth move according to the or- 
der of the letters, and when Saturn is at 4 his 
ring is turned edgewise to the Sun 8S, and he 
is then seen from the Earth as if he had lost his 
ring, let the Earth be in any part of its orbit 
whatever,~except between JV and O; for whilst 
it describes that space, Saturn is apparently so near 
the Sun as to be hid in his beams. As Saturn 
goes from 4 to C, his ring appears more and 
more open to the Earth: at C the ring-appears 
most open. of all; and seems to grow narrower 
and narrower as Saturn goes from C to E; 
and when he comes to £, the ring is again turn- 
ed edgewise both to the Sun and Earth; and as 
neither of its sides are illuminated, it is invisible 
to us, because its edge is too thin to be percept- 
ble, and Saturn appears again as if he had lost his * 
ring. But as he goes from £ to G, his ring opens 
more and more to our view on the under side, 
and seems just as open at G as it was at C, and 
may be seen in the night-time from the Earth in 
any part of its orbit, except about AZ, when the 
Sun hides the planet from our view. As Saturn 
goes from G to A, his ring turns more and more 
edgewise to us, and therefore it seems to grow 
narrower and narrower, and at fit disappears 
as before. Hence, while Saturn goes from 4 to 
E, the Sun shines on the upper side of his ring, 
and the under side is dark ; and whilst he goes 
Vol. 1, K 
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che from E to 4, the Sun shines on the under side 
, of his ring, and the upper side is dark. 
It may perhaps be imagined, that this article 
might have been placed more properly after 
§ 81, than here; but when the candid reader 
Fig x and, considers that all the various phenomena of Sa- 
a turn’s ring depend upon a cause similar to that of 
our Earth’s seasons, he will readily allow that 
they are best explained together, and that the 
two figures serve to illustrate each other. 
The Earth 905. The Earth’s orbit being elliptical, and 
nearer the 
Sun in wine the Sun constantly keeping in its lower focus, 
ter than in which is 1,377,000 miles from the middle point 
summer. 
of the longer axis, the earth comes twice so much, 
or 2,754,000 miles nearer the Sun at one time of 
the year than at another ; ; for the Sun appearing 
under a larger angle in our winter than summer, 
proves that the Earth is nearer the Sun in winter, 
(see the note on article 185). But here this na- 
tural question will arise, Why have we not the 
hottest weather when the Earth is nearest the 
Why the Sun? In answer it must be observed, that the ec- 
weather 8 Centricity of the Earth’s orbit, or 1,000,377 
when the miles, bears no greater proportion to the Earth’s 
nearest the Mean distance from the Sun than 17 does to 
Sun. 1000 ; and therefore this small difference of dis- 
tance cannot occasion any great difference of heat 
or cold. But the principle cause of this difference 
is, that in winter the Sun’s rays fall so obliquely 
upon us, that any given number of them is spread 
over a much greater portion of the Earth’s sur- 
face where we live, and therefore each point must 
then have fewer rays than in summer. Moreover, 
there comes a greater degree of cold in the long 
winter nights than there can return of heat in so 
short days, and on both these accounts the cold 
must increase. But in summer the Sun’s rays 
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fall more perpendicularly upon us, and therefore C#apP. 
come with greater force, and in greater numbers 

on the same place, and by their long continuance, 

a much greater degree of heat is imparted by day 

than can fly off by night. 

206. That a greater number of rays fall on the 
same place, when they come perpendicularly, than 
when they come obliquely on it, will appear by 
the figure. § For, let 4B be a certain number of prare vi 
the sun’s rays falling on CD (which, let us sup- 8: 
pose to be London) on the 21* of June; but, on 
the 22° of December, the line CD, or anton. 
has the oblique position Cd to the same rays, and 
therefore scarce a third part of them falls upon 
it, or only those between 4 and e, all the rest 
e B being expended on the space dP, which is 
more than double the length of CD or Cd. 
Besides, those parts which are once heated, re- 
tain the heat for some time, which, with the ad- 
ditional heat daily imparted, makes it continue to 
increase, though the Sun declines towards the 
south, and this is the reason why July is hotter 
than ey although the Sun has withdrawn from 
the summer tropic, as we find it is generally hotter 
at three in the afternoon, when the Sun has gone ~ 
towards the west, than at noon when he ison the - 
meridian. Likewise, those places which are well 
cooled require time to be heated again, for the 
sun’s rays do not heat even the surface of any 
‘Dody till they have been some time upon it. And 
therefore. we find January for the most part cold- 
er than December, although the Sun has with- 
drawn from the winter tropic, and begins to dart 


5 See p. 108, Note. 
Lay: 


{ 
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cHAP. his beams more perpendicularly upon us, wher 
X- we have the position CF. An iron bar is not 
heated immediately upon being put into the fire, 
nor grows cold till some time after it has been 

taken out. 


CHAP, XI. 


THE METHOD OF FINDING THE LONGITUDE BY- THE 
ECLIPSES OF JUPITER’S SATELLITES—THE AMAZING 
VELOCITY OF LIGHT DEMONSTRATED BY THESE 
PERLE BES. : 


BR CPST Sik ee arbitrarily choose to call CHAP. 
the meridian of some remarkable place the first ga 
meridian. ‘There they begin their reckoning, First meri- 
and just so many degrees and minutes as any} Piss 
other place is to the eastward or westward of that of places, 
meridian, so much east or west longitude they" 5 
say ithas. A degree is the 360" part of a cir- 

cle, be it great or small, and a minute the 60" 

part of a degree. The English geographers reck- 

on the longitude from the meridian of the royal 
observatory at Greenwich, and the French from 

. the meridian of Paris. 

208. If we imagine 12 great circles, one of Prats V. 
which is the meridian of any given place, to in." * 
tersect each other in the two poles of the Earth, 

and to cut the equator 4 at every ating they 

. will be divided by the poles into 24 semicir- 

cles, which divide the equator into 24 equal parts; 

and as the Earth turns on its axis, the planes of 

these semicircles come successively after one an- 


K 3 
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Ci HAP. other every hour to the Sun. As in an hour of 
time there is a revolution of 15° of the equator, 
How cic- in a minute of time there will be a revolution of 
as our of LO” Of the equator, and in a second of time a. 
time equal revolution of 15’. There are two tables annexed 
to 15° °F to this chapter for reducing mean solar time into 
degrees and minutes of the terrestrial equator, 
and also for converting degrees and parts of the 
equator into mean solar time. 

209. Because the Sun enlightens only one half 
of the Earth at once, as it turns round its axis, 
he rises to some places at the same moments of 
absolute time when he sets to others, and when it 
is mid-day to some places, it is mid-night to 
others. ‘The XII on the middle of the Earth’s 
enlightened side next the Sun stands for mid- 
day, and the opposite XII on the middle of the 
dark side for mid-night. If we suppose this cir- 
cle of hours to be fixed in the plane of the equi- 
noctial,.and the Earth to turn round within it, 
any particular meridian will come to the diferent 
hours, so as to shew. the true time of. the day or 
night at all'places on that meridian. . Therefore, 

"210. To every place 15° eastward from any 
civen meridian, it is- noon, an hour sooner than 
on that meridian ; because their meridian comes: 
to the Sun. an: fisut sooner; and, to all places 
15° westward, it is noon.an hour later,,§ 208, 
because their meridian comes an hour later to 
the Sun, and so on; every 15° of motion.caus- 

And conseeing an lour’s difference of time. Therefore, 
eeu hi they wltfo have noon an hour later than we, have: 
gitud. their meridian, that'is, their longitude, .15° west- 
ward from us-;,and they who have noon. an. hour 
sooner than we, have their meridian. 15° east- 
ward from ours ; and‘so for every, hour’s differs 
ence of time 15° difference of longitude. Con- 
sequently, if the beginning or ending of a lunar 
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‘eclipse be observed, suppose at London, to be cHapP. 
exactly at mid-night, and in some other place at. *1 
11 at night, that place is 15° westward from the pinay 
meridian of London: if the same eclipse be ob- Geli pes RAS 
served at 1 in the morning at another place, that ing ei 
place is 15° eastward from the said meridian: — 8'*«de- 
211. But asit is not easy to determine the 
exact moment either of the beginning or ending 
of a lunar eclipse, because the Earth’s shadow 
through which the Moon passes, is faint and ill 
defined about the edges, we have recourse to. 
the eclipses of Jupiter’s satellites, which disap- 
pear so instantaneously as they enter into Jupi- jupiter 
ter’s shadow, and emerge so suddenly out of i it, satellices 
that we may fix the phenomenon to a second of Peortihs ging 
time. The first, or nearest satellite to Jupiter, purpose. 
is the most advantageous for this purpose, be- 
cause its motion is quicker than the motion of 
any of the rest, and therefore its immersions and 
-emersions are more frequent. 
212. The English astronomers. have calculat- 
ed tables for shewing the times of the eclipses of 
Jupiter’s satellites to great precision, for the me- 
ridian of Greenwich.’ Now, let an observer, 


© The longitude may be determined also, by observing 
the arrival of the Earth’s shadow at the different spots on 
the Moon’s surface. This method now obtains universal. > 
ly among astronomers, and is pretty accurate, as we can take 
the medium of a great number of observations. it is ne- 
cessary, however, to be acquainted with the names and 
position of the lunar spots. -See the Supplementary chap- 
ter on Selenography.—E.v. 

7 The eclipses of all Jupiter’s ‘satellites are inserted in 
the Nautical Almanack every year, and are computed from 
the accurate tables of Delambre, The eclipses of the first 
and second satellites are most proper for finding the longi- 
tude, not only because their theory is much more perfect Path 

that 


CH AP. 
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who has these tables, with a good telescope, and. : 


ti a well regulated clock, at any other place of the 


How to 


— golve this 


important 


problem. 


earth, observe the beginning or ending of an 
eclipse of one of Jupiter’ s satellites, and note the 
precise moment of time that he saw the satellite 
either immerge into, or emerge out of the sha~ 
dow, and compare that time with the time shewn 
by the tables for Greenwich; then, 15° differ- 
ence of longitude being allowed for every hour’s 
difference of time, will give the longitude of that 
place from Greenwich, as above, § 210; and 
if there be any odd minutes of time, for every 
minute a quarter of a degree,.east or west, must 
be allowed, as the time of ohservation is later or 
earlier than the time shewn by the tables. Such 
eclipses are very convenient for this purpose at 
land, because they happen almost every day ; 
but are of no use at sea, because the rolling of 
: the ship hinders all nice telescopical observations. 


Prate Vy 213. To explain this by a figure, let J be 


Fig. 7 


Illustrated - 


by an ex- 
ample. 


Jupiter, K, L, M, N, his four satellites in their 
respective’ achite 1,2, 3,43; and let the Earth 
be at f (suppose in Noverhber, although that 
month 1s no otherwise material than to find.the 
Earth readily in this scheme, where it is shewn 
in eight different parts of its orbit). Let Q bea 
place on the meridian of Greenwich, and & a 
place on some other meridian eastward from 
Greenwich. Let a person at FR observe the in- 
stantaneous vanishing of the first satellite K into 
Jupiter’s shadow, suppose at 3 o’clock in the 
morning ; but by the tables he finds the immer- 
sion of that satellite to be at mid-night at Green- 


that of the other two; but because it is difficult to observe 
the exact time when the third and fourth satellites enter into, 
and emerge from, the shadow of Jupiter.—Ep. 
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wich: he can then immediately determine, that as CHAP. 
there are 3 hours difference of time between Q. *" 
and A, and that & is 3 hours forwarder in reck- 
oning than Q, it must be 45° of east longitude 
from the meridian of Q. Were this method as 
practicable at sea as at land, any sailor might al- 
most as easily, and with equal certainty, find the 
longitude as the latitude. | 
214, Whilst the earth is going from C to FFig. 2 
in its orbit, only the immersions of Jupiter’s sa- 
tellites into his shadow are generally seen; and We seldom 
their emersions out of it while the Earth goes Ortieycad 
from G to B. Indeed, both these appearances nd of the 
may be seen of the 2°, 3°, and 4", satellite when ccipse of 
eclipsed, whilst the earth is between D and E,*y° | 
or between Gand 4; but never of the 1™ sa- Comey 
tellite, on account of the smallness of its orbit 
and the bulk of Jupiter; except only when Ju- 
piter is directly opposite to the Sun; that is, 
when the Earth is at g: and even then, strictly 
speaking, we cannot see either the immersions or 
emersions of any of his satellites, because his 
body being directly between us and his conical 
- shadow, his satellites are hid by his body a few 
moments before they touch his shadow ; and are 
quite emerged from thence before we can see 
them, as it were, just dropping from him. And 
when the Earth is at c, the Sun, being between 
it and Jupiter, hides both him and his moons 
from us. | 
In this diagram, the 6rbits of Jupiter’s moons 
are drawn in true proportion to his diameter ; 
but in proportion to the Earth’s orbit, they are 
drawn 81 times too large. 
215. In whatever month of the year Jupiter is 
in conjunction with the Sun, or in opposition to 
him, in the next year it will be a month later at 
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cHaP. least. For, whilst the earth goes once round the 
“I, __, Sun, Jupiter describes a 12" part of his orbit. 
Jupiter's And, therefore, when the Earth has finished its 
conjunc annual period from being in‘a line with the Sun 
the Sun, or and Jupiter, it must go as much forwarder as 
oppotuons Jupiter has: moved in that time, to overtake him 
every year again: just like the minute-hand of a watch, 


in different . so we A 
oe). Which must, from any conjunction with the hour- 


eavens, hand, go once round the dial-plate, and some- 
what above a 12 part more, to overtake the 
hour-hand again. 
216. It is found by observation, that when 
the Earth is between the’ Sun and Jupiter, as at 
g, his satellites are eclipsed about 8 minutes soon- 
er than they should be according to the tables : 
and when the earth is at 6 or C, these eclipses 
happen about 8 minutes later than’ the tables pre- 
dict them. Hence it is undeniably certain that 
the motion of light is not instantaneous, since it 
‘takes about 162 minutes of time to go through 
a space equal to the diameter of the Earth’s or- 
bit, which is 162,000,000 of miles in length’: 
and, consequently, the particles of light fly about 
164,494 miles every second of time, which is 
above 1,000,000 of times swiiter than the mo- 
The sur- tiom of a cannon bullet. And as light takes 162 
ire minutes to travel across the Earth’s orbit, it 
light. | must be 8% minutes in’ coming from the Sun to 
us; therefore, if the Sun were annihilated, we 
should see him for 8} minutes after ; and if he 
were again created, he would be 8% minutes old 
before we could see him. | 
Pratt Vi. 217. To explain the progressive motion of 
Fig-5. light, let _4 and B be the Earth’in two different 
parts of its orbit, whose distance from ‘each other 
Illustrated #8 81,000,000 of miles, equal to the Earth’s dis- 
by a figure. tance from the Sun S;~—It is plain, that if the 
j : 
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motion of light were instantaneous, the satellite cHap. 
1 would appear to enter into Jupiter’s shadow *! 
F F at the same moment of time toa spectator in ~ 
as to another in B. But by many years observ- 
ations it has been found, that the immersion of 
the satellite into the shadow, is seen 84. minutes 
sooner when the Earth is at #8, than when it is 
at 4. And:so;/as Mr. Romer: first discovered, 
the motion’ of light is: thereby proved to be pro- 
gressive, and not instantaneous, as was formerly 
believed. It is easy to compute in what time the 
Earth moves from 4 to B; for the chord of 60° 
of any circle is equal to the semi-diameter of that 
circle; and as the Earth goes through all the ~ 
360° of its orbit in a year, it goes through 60 of 
those degrees in about 61 days. Therefore, if on 
any given day, suppose the 1° of June, the Earth 
is at 4, on the 1° of August it will be at B: 
the chord, or straight. line 4 B, being equal to 
D S, the radius of the Earth’s orbit, the same 
with 4 § its distance from the Sun. 

218. As the Earth moves from D to C, 
through the side 4 B of its orbit, it is constant- 
ly meeting the light of Jupiter’s satellites sooner, 
which occasions an apparent acceleration of their 
eclipses: and as it moves through the other half 
Hi of its orbit, from C to D, it is receding from 
their light, which occasions an apparent retarda- 
tion of their eclipses, because their light is then 
longer before it overtakes the earth. 

219. That these accelerations of the immer- _ 
sions of Jupiter’s satellites into his shadow, as the 
Earth approaches towards Jupiter, and the re- 
tardations of their immersions out of his shadow, 
as the Earth is going from him, are not occasion- 
‘ed by any inequality arising from the motions of 
the satellites in eccentric orbits, is plain, be- 
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CHAP. cause it affects them all alike, in whatever parts 


XI. 


of their orbits they are eclipsed. Besides, they 
go often rount their orbits every year, and their 
motions are no way commensurate to the Earth’s. 
Therefore, a phenomenon not to be accounted 
for from the real motions of the satellites, but so 
easily deducible from the Earth’s motion, and so 
answerable thereto, must be allowed to result 
from it. This affords one very good proof of 


the Earth’s annual motion. 
5 


8 
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220. Tables for converting mean solar Time into Degrees CHAP. 
and Parts of the terrestrial Equator ; and also for converting %t- 
Degrees and Parts of the Equator into mean solar Time. 


‘Tasxx I. For converting Time into Degrees and Parts of the Equator, 
ha a EE oe WEISS Se a. eee a 


S) >| oo 
5 Se eee oe 
5 RR i 
|e #lel oe. 3B 
1 Q 15/31] 7 45 
2 0 30/32! 8 oO 
3 0 45133! 8 15 
4 1 0|34] 8 30 
5 1 15/35! 8 45 
6 6/1 - 30| 36] 9 
7 71/1 45/37] 9 
8 a SO eo 0 Oe 
9 9;2 15/390] 9 45 
10 Q12 30] 40] 10 
11 2 4541110 
12 3 0|42/10 30 
13 3 15|43110 45 
14 3 30/44] 11 
15 3 45|45] 11 
16 Ae OF MONEE: “8G 
17 4 15|47111 45 
18 4 30]48/12 oOo 
19 4 4§| 49112 15 
20 5 0| 50/12 30 
21 5 15| 51142 45 | 
22 5. 30} 52113. .0 
23 5 45153 |]13 15 
24 6 Q| 54/13 30 
25 Gy 1$.4:55 4-318 . 45 
E; 390 | 2616 30156114 .0 
ie G.. 45) 47 14 15 
28 7° 9| 58114 30 
| 29 Bn 450 P14 ag 
30 | 30} 7  30]60 115 . a 
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Tasue IJ. For aarrtenting Degrees and Parts of the Seeoca? m 


P ’ into Time. 
CHAP. » s 
XI. | ey S/oi/e & 
TERENAS ee Fy 

le A Bs dh Da 4 

5 5 2) 5 S a 
<7. sj 
Bim oo) elle | Ee 

ae eee ae Se =, 

. 8 a 

4») mn 


1}0 4/;)381,;2 4 
2)0 : cs 2a 9 i a 
sro 33 | 2 12 
4170 34 |2 16 
. 5|0 35 | 2 20 
“0 86'| 2' 24 
oO ayia OO 

O 38 | 2 32 

O 80 | 2 36 

O 40|;2 40 

0 41 {2 44 

O A2|2 48 

O 43 };2 52 

0 44;2 56 

1 45|3 0O 

1 4/46/;3 4 

1 8);47/13 8 

1. 924 483 12 

1 161!49/]3 16 

1 20} 50|3 20 

1 24} 51/3 24 

1 28 | 52/;3 28 
L321 354 3° 32 

1 86| 6413 36 

1 40] 55|3 40 

1 44] 56|3 44 

1 48] 57/3 48 

1 52] 58;3 52 

1 56)59|3 56 

2. 0}60}4 .O 
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These are the tables mentioned in the 208™ 
article, and are so easy that they scarce require 
any farther explanation than to inform the read- 
er, that if, in Table [, he reckons the columns 
marked with asterisks to be minutes of time, the 
other columns give the equatorial parts or mo- 
tion in degrees and minutes ; if he reckons the 
asterisk columns to be seconds, the others give the 
motion in minutes and seconds of the equator ; 
if thirds, in seconds and thirds: and if, in Table 
II, he reckons the asterisk columns to be de- 
erees of motion, the others give the time answer- 
ing thereto in hours and minutes ; if minutes of 
motion, the time is minutes and seconds; if se- 
conds of motion, the corresponding time is given 
in seconds and thirds. An example in each case 
will make the whole very plain. | 


EXAMPLE I. EXAMPLE Il, 


In 10° 15” 24° 90",; In what time will 
Qu. How much of the/153° 51’ 5” of the 
equatorrevolvesthrough| equator revolve through 


the meridian? the meridian ? 

- ‘DEG. M. S. H. M. S. T. 
Hours 10 150 0 oOln 150 100 0 0 
Min. 15 345 o| “82 3 12 0.0 
Sec. 24 6 O|Min. . 51 3 24 0 
Thirds 20 5 | Sec. 5 20 


Answer 153 51 5 Answer 10 15 24 20 
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CHAP. 


Xi. 


Sydereal 


days short- 
erthan solar 


days, and 
why. 


CHAP. XII. 


OF SOLAR AND SYDEREAL TIME. 


- r , 
991. Luz stars appear to go round the Earth 


in 23" 56™ 4°, and the Sun in 24°: so that the 
stars gain 3" 56° upon the Sun every day, which 
amounts to one diurnal revolution in a year; and, 
therefore, in 365', as méasured by the returns 
of the Sun to the meridian, there are 3664, as 
measured by the stars returning to it: the form- 
er are called solar days, and the later sydereal. 
The diameter of the Earth’s orbit is but a 
physical point in proportion to the distance of the 
stars ; for which reason, and the Earth’s uniform 
motion on its axis, any given meridian will re- 
volve from any star to the same star again in 
every absolute turn of the Earth on its axis, with- 
out the least perceptible difference of time shewn 
by a clock which goes exactly true. 
If the Earth had only a diurnal motion, with- 
out an annual, any given meridian would revolve 
from the Sun to the Sun again in the same quan- 
tity of time, as from any star to the same star 
again ; because the Sun would never change his 
place with respect to the stars, But, as the Earth 
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advances almost a degree eastward in its orbit in CHAP.’ 
the time that it turns eastward round its axis, 
whatever star passes over the meridian on any 

day with the Sun, will pass ever the same meri- 

dian on the next day, when the Sun is almost a 
degree short of it; that is, 3’ 56” sooner. If the 
year contained only 365 days, as the ecliptic does 

360 degrees, the Sun’s apparent place, so far as 

his motion is equable, would change a degree 
every day 3 and then the sydereal days would be 

just 4 minutes shorter than. the solar. 

Let AZBCDEFGHIKLM be the Earth’s prare ut, 
orbit, in which it goes round the Sun every year, 8 » 
according to the order of the letters, that is, from 
west to east; andturns round its axis the same 
way from the Sun to the Sun again in every 24 
hours. Let $ be the Sun and & a fixed star, at 
such an immense distance, that the diameter of the 
Earth’s orbit bears no sensible proportion to that 
distance. Let NV m be any particular meridian of — 
the Earth, and Va given point or place upor 
that meridian. When the Earth is at 4, the 
Sun S hides the star &, which would be always 
hid if the Earth never removed from .4; and, 
consequently, as the Earth turns’ round its axis, 
the point WV would always come round to the 
Sun and star at the same time. But when the 
Earth has advanced, suppose a 12" part of its 
orbit from 4 to B, its motion round its axis 
will bring the point Na 12" part of a na- 
tural day, or 2 hours, sooner to the star than 
tothe Sun; for the angle NB 7 is equal to the 
angle 458; and, therefore, any star which 
comes to the meridian at noon with the Sun, 
when the Earth is at 4, will come to the meri- 
dian at 10 in the forenoon, when the Earth is at 
_B. When the Earth comes to C, the point V 

Vol, I. L 


CHAP. 


Les erated! 
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will have the star on its meridian at 8 in the 
morning, or 4 hours sooner than it comes round 
to the Sun; for it must revolve from N to n, be- 
fore it has the Sun in its meridian. When ‘the 
Earth comes to D, the point NV will have the star 
on its ‘meridian at 6 in the morning, but that 
point must revolve 6 hours more from N to n, 
before it has mid-day by the Sun: for now the 
angle 4 Dis a right angle, and so is NDn; 
that 1s, the Earth has advanced 90° in its orbit, 
and must turn 90° on its axis to carry the point 
NN from the star to the Sun: for the star always 
comes to the meridian when Nm is parallel to 
RS A; because D S is but a point in respect of 
RS. When the Earth is at £, the star comes 
to the meridian at 4 in the morning; at F, at 2 
in the morning; and at G, the Earth having 
gone half round its orbit, N points to the star 
f# at midnight, it being then directly opposite to 
the Sun ; and, therefore, by the Earth’s diurnal 
motion, the star comes to the meridian 12 hours 
before the Sun. When the Earth is at A, the 
star comes to the meridian at 10in the evening ; 
at J it comes to the meridian at §, that is, 16 
hours before the Sun; at AK 18 hours before 
him; at Z 20 hours; at 1422 hours; and at 4 
equally with the Sun again. 
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A Table, shewing how much of the Celestial Equator passes CHA® 
over the Meridian in any part of a mean Solar day, and how XU. 
much the Fixed Stars gain upon the mean Solar Time every yoo! 
Day, for a Month. 


Acceleration 
of the 
Fixed Stars. 
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222. Thus it is plain, that an absolute turn of 
the Earth on its axis (which is always completed 


Anabsolute When any particular meridian comes to be parallel 


turn of the 7 ; ; as 
rat to its situation at any time of the day before} 


axisnever Never brings the same meridian round from the 


finishes 2 
solar day, 


Prate Ilf 


Fig. a 


Sun to the Sun again; but that the Earth re- 
quires as much more than one turn on its axis 
to finish a natural day, as it has gone forward in 
that time; which, at a mean state, isa 365" part 
of a circle. Hence, in 365 days, the Earth turns 
366 times round its axis; and, therefore, as a 
turn of the Earth on its axis completes a sydereal 
day, there must be one sydereal day more in a 
year than the number of solar days, be the num- 
ber what it it will, on the Earth, or any othet 
planet. One turn being lost with respect to the 
number of solar days im a year, by the planet’: 
going round the Suns; just as it would be lost tc 
a traveller, who, in going round the Earth, woulc 


lose one day by following the apparent diurna’ 


motion of the Sun; and, consequently, woulc 
reckon one day less at his return (let him take 
what time he would to go round the Earth) thar 
those whose who remained all the while at the 
place from which he’ set out. So, if there were 
two earths revolving equally on their-axes, anc 
if one remained at 4 until the other had gone 
round the Sun from 4 to 4 again, that. Eartt 
which kept its place at 4 would have its solat 
and sydereal days always of the same’ length ; 
and so would have one solar day more than the 
other at his return. Hence, if the Earth turnec 
but once round its axis in a year, and if thaé turr 
was made the same way as the Earth goes round 
the Sun, there would be continual day on one 
re of the Earth, and continual night on the 
other. . ; , 
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223. The first part of the preceding table CHAP. 
shews how much of the celestial equator passes _*"” 
over the meridian in any given part of a mean 
solar day, and is to be understood the same way 
as the table in the 220" article. The latter part, 
intitled, Acceleration of the fixed Stars, affords Toknowby 
us an easy method of knowing whether or not O¢S0"3 
our clocks and watches go true : for if, through clock goes 
a small hole in a window-shutter, or ina thin *”*%"” 
plate of metal fixed to a window, we observe at 
what time any star disappears behind a chimney, 
or corner of a house, at a little distance ; and if 
the same star disappears the next night 3 minutes 
56 seconds sooner by the clock or watch, and on 
the second night, 7 minutes 52 seconds sooner ; 
the third night 11 minutes 48 seconds sooner, 
and so on, every night, as in the table, which 
shews this difference for 30 natural days, it is 
an infallible sign that the machine goes true ; 
otherwise it does not go true, and must be 
regulated accordingly ; and as the: disappearing 
of a star is instantaneous, we may depend on 
this information to half a second. 


L3 
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OF THE EQUATION OF TIME. 
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294. [ux Earth’s motion on its axis being per- 
fectly uniform, and equal at all times of the year, 
the sydereal days are always precisely of an equal 
length ; and so would the solar or natural days 
be, if the Earth’s orbit were a perfect circle, and 
its axis perpendicular to its orbit. But the 
Earth’s diurnal motion on an inclined axis, and 
its annual motion in an elliptic orbit, cause the 
Sun’s apparent motion in the Heavens to be un- 
equal: for sometimes he revolves from the me- 
ridian to the meridian again in somewhat less 
than 24 hours, shewn by a well regulated clock ; 
and at other times in somewhat more: so that 
the time shewn by an equal going clock anda 
true sun-dial is never the same but on the 15™ 
of April, the 16" of June, the 31" of August, 
and the 24'" of December. ‘The clock, if it goes 
equably, and true all the year round, will be be- 
fore the Sun from the 24" of December till the 
15" of April; from that time till the 16" of 
June the Sun will be before the clock ; from the 
16” of June till the 31° of August the clock 
will be again before the Sun ; and from thence 


fy 
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to the ae of December the Sun will be faster CHAP, 
than the clock. — 

225. The tables of the equation of natural ree ofthe 
days, at the end of the following chapter, shew hl ag 
the time that ought to be pointed out by a well 
regulated clock or watch, every day of the year, 
at the precise moment of solar noon; that is, 
when the Sun’s centre is on the meridian, or 
m8 a true sun-dial shews it to be precisely 

Thus, on the 5 of January, in leap-year, 
weil the Sun is on the meridian, it ought to be 
§ minutes.51 seconds past 12 by the clock : and 
on. the 15‘ of I May, when the Sun is on the me- 
ridian, the time by the clock should be but 55 
minutes 57 seconds past 11 : in the former case, 
the clock is 5 minutes 51.seconds beforehand with 
the Sun; and in the latter case, the Sun, Is 4 
minutes 3 seconds faster than the clock. The 
column at the right hand of each month shews 
the’ daily difference of this equation, as it in- 
creases or decreases. ,But without a, meridian 
line, or a:transit instrument fixed in the plane of 
the meridian, we cannot set a sun-dial true. 

226. The easiest and most expeditious way of eal 
drawing a meridian line is this: make four or Fidian linn 
five concentric. circles, about a quarter of an | 
inch from one another, on a flat board, about a 
foot in breadth ;, and.let the outermost ale be 
but little less than the board will contain. Fix 
a pin perpendicularly in the centre, and of such 
a length that its whole shadow may fall within 
_ the innermost circle for at least 4 hours in the 
middle of the day. . The pin ought to be about 
an 8‘ part of an inch thick, and to have a round 
blunt point. The board being set exactly level 
in a place where the Sun shines, suppose from 
$ inthe morning till 4 in the afternoon, about 


168 Of the Equation of Times 


car. which hours the end of the shadow should fall 
x"I- without all the circles ;. watch the times in the 
forenoon, when the extremity of the shortening 
shadow just touches the several circles, and there 
make marks. Then, in the afternoon of the 
same day, watch the lengthening shadow, and 
where its end touches the several circles in go- 
ing over them, make marks also. Lastly, with 
a pair of compasses, find exactly the middle point 
between the two marks on any circle, and draw 

a straight line from the centre to that point ; 
which line will be covered at noon by the shadow 
of a small upright wire, which should be put in 
the place of the pin. “The reason for drawing 
several circles is, that in case one part of the day 
should prove clear, and the other part somewhat 
cloudy, if you miss the time when the point of 
the shadow should touch one circle, you ma 
perhaps catch it in touching another. ‘The best 
time for drawing a meridian line in this manner, 
is about the summer solstice, because the Sun’ 
changes his declination slowest, and his altitude 
fastest, in the longest days. 

If the casement of a window on which the Sun 
shines at noon be quite upright, you may draw a 
line along the edge of its shadow on the floor, 
when the shadow of the’ pin is exactly on the 
meridian line of the board: and as the motion 
of the shadow of the casement will be much more 
sensible on the floor, than that of the shadow of 
the. pin on the board, you may know to a few 
seconds when it touches the meridian line on the 
floor ; ‘and so regulate your clock for the day of 
observation by that line and the equation tables 
above mentioned, § 225. 

Equationof ' 227, As the equation of time, or difference 


naturald 
islgihade: ee wigs time Siti’ sep a siden it clock. 
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and a true sun-dial, depends upon two causes, CHAP. 
namely, the obliquity of the ecliptic, and the un-, *" 
equal motion of the Earth in it, we shall first ex. 
plain the effects of these causes separately consi- 
dered, and then the united effects resulting from 
their combination.* 

228. The Earth’s motion on its axis being 
perfectly equable, or always at the same rate, and 
the’ plane of the equator being perpendicular to 
its axis, it is evident that in equal times, equal 
portions of the equator pass over the meridian ; 
and so would equal portions of the ecliptic, if it 
were parallel to, or coincident with, the equator. 
But, as the ecliptic is oblique to the equator, the The first 
equable motion of the Earth carries unequal por- a ae 
tions of the ecliptic over the meridian in equal time. 
times, the difference being proportionate to the 
obliquity ; and as some parts of the ecliptic are 
much more oblique than others, those differences 
are unequal among themselves. ‘Therefore, if 
two suns should start, either from the beginning 
of Aries or Libra, and continue to move through 
equal arcs in equal times, one in the equator, and | 
the other in the ecliptic, the equatorial sun would 
always return to the meridian in 24 hours time, 
as measured by a well regulated clock; but the 


* Asthe motion of the Earth is deranged by the action 
of the Moon, Venus, Mars, and Jupiter, the quantity of 
which is now computed, and employed in the calculation of 
the Sun’s longitude, the equation of time must also be af- 
fected by this cause. Atamaximum, however, it amounts 
only to 2+ seconds.—Ep, | : : 

If the Earth were cut along the equator, quite through 
the centre, the flat surface of this section would be the 
plane of the equator ; as the papew contained within any 
circle may be justly termed the plane of that circle. 
ae ca HS , 
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cHAP: Sun.in. the ecliptic would return, to the meridian 
i Sometimes sooner, and sometimes later than the 
equatorial sun ;.and only at the. same moments 
with him. on four days of the year, namely, the 
20" of March, when the Sun enters Aries; the 
the 21** of June, when he enters Cancer; the 
234 of September, when he enters Libra; and - 
the 21°* of December, when he enters Capricorn. 
But as there is only one sun, and his apparent 
motion is always in the ecliptic, let us henceforth - 
call him the real Sun, and the other, which is 
supposed to move in the equator, the fictitious ; 
to which last the motion of a well-regulated 
clock always answers. 

Piste ve. Let ZV z be the Earth, ZF Rz its axis, 
Bs abcde, &c: the. equator, 4B CDE, &c. the 
northern half of the ecliptic from V to & on the 
side of the globe next the eye; and MNOP, 
&c. the southern half on the opposite side from 
= tov. Let the points at 4,B,C,D, £,F, 
&c. quite round from V to V again bound. equal 
portions of the ecliptic, gone through in equal 
times by the real. sun; and those at a, b,c, d, €, 
F5 &c. equal portions of the equator described in 
equal times by the fictitious sun; and let ZV z 

be the. meridian, | 
As the real Sun moves obliquely in the ecliptic, 
and the fictitious sun directly in the equator, with 
respect to. the meridian; a degree, or any num- 
ber of degrees, between V and Fon the ecliptic, 
must be néarer the meridian Z VW z, than a de- 
gree, or any corresponding number of degrees, 
on the equator from ¥ to f; and the mere so, as 
they are the more oblique; and, therefore, the 
true sun comes sooner to the meridian every day 
whilst he is in the quadrant VY Ff) than the ficti- 
tious sun does in the quadrant sf; for which 
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‘season, the solar noon = noon by the clock, CHgr. 
until the real sun comes to Mand the fictitious to , af 
fs which two points being equidistant from the me- 
ridian, both suns will come to it precisely at noon 
by the clock. | 

Whilst the real sun describes the second qua- 
drant of the ecliptic FGHIKZ from & to 2, 
he comes later to the meridian every day than 
the fictitious sun moving through the second qua- 
_ drant of the equator from f to 2. ; for the points 

at G, A, I, K, and fe from the me- 

ridian than their co ding points at g, h, z, 
k, and J, they myst be later of AEE it : 
and as both suns come at the same moment to 
the point .2., they come to the meridian at the 
moment of noon by the clock. 

In departing from Libra, through the third 
quadrant, the real sun going through MNOPQ 
towards vp at &, and the fictitious sun through 
mno pq towards r, the former comes to the me- 
ridian every day sooner than the latter, until the 
real sun comes to wy, and the fictitious to 7, and 
then they both come to the meridian at the same 
time. Leng 

Lastly, as the real sun moves equably through 
STUV YW, from vw towards » ; and the ficti- 
tious sun through stuvw, from r towards V, 
the former comes later every day to the meridi. 
an than the latter, until they both arrive at the 
point yp, and then they make it noon at the same 
time with the clock. | 

229. The annexed Table shews how much 
the Sun is faster or slower than the clock ought 
to be, so far as the difference depends upon the 
obliquity of the ecliptic; of which the signs of 
the first and third quadrants are at the head of 
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e3 the table, and their ees at the left hand ; and 

coe * in these the Sun is faster than the clock: the 

A table of Signs of the second and fourth quadrants are at 

thc «q2~ the foot of the table, and their degrees at the 

depending right hand; in all which the Sun is slower than 

Sen ace the clock; so that entering the table with the 

i Place , s 8 

inthe — given sign of the Sun’s place at the head of the 

“Htc table, and the degree of his place in that sign at 
the left hand, or with the given sign at the foot 
of the table, and degree at the right hand ; in the 
angle of meeting is mber of minutes and 
seconds that the Sun is fast@r or slower than the 
clock Mor, in other words, th quantity of time 
in which the real sun, when in that part of the 
ecliptic, comes sooner or later to the meridian 
than the fictitious sun in the equator. ‘Thus, 
when the Sun’s place is & “Taurus 12°, he is 
9 minutes 49 seconds faster than the clock ; 
and when his place is 25 Cancer 18°, he is 6 
minutes 2 seconds slower.’ , 


3 The Editor has computed the following table anew, 
upon the supposition that the obliquity of the ecliptic is 
23° 27’ 54”, When the obliquity of the ecliptic increases 
or diminishes, the equation of time will also merease or di- 
minish, but by a quantity so very small, that it amounts, at 
amaximum, to about a second and a half in the course 
of two centuries. The signs -—- and — indicate that this 
part of the equation of time is to be added to or subtract- 
ed from the apparent time.-—The numbers in this table 
are the differences between the true longitude of the Sun, 
and his true right ascension, converted into time, at the 
tate of 15° per hour.-—Ep. | 
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Sun faster than the Clock in CH iy 
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Sun slower than the Clock in mee 
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‘ to be on the same side of the globe; but it may 
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230. This part of the equation of time may 
perhaps be somewhat difficult to understand by a 
figure, because both halves of the ecliptic seem 


be made very easy to any person who has a real 
globe before him, by putting small patches on 
every 10 or'15™ degree both of the equator and 
ecliptic, beginning at Aries V ; and then turning 
the ball slowly round westward, he will see all the 
patches from Aries to Cancer come to the brazen 
meridian sooner than the corresponding patches 
on the equator ; all those from Cancer to Libra 
will come later to the meridian. than their cor- 
responding patches on the equator; those from 
Libra to Capricorn sooner, and those from Ca- 
pricorn to Aries later ; and the patches at the be- 
ginnings of Aries, Cancer, Libra, and Capricorn, 
being either on or even with those on the equa- 
tor, shew that the two suns either meet there, or 
are even with one another, and so come to the 
meridian at the same moment. 

231. Let us suppose that there are two little 
balls moving equably round a celestial globe 
by clock-work, one always keeping in the eclip~ — 
tic, and gilt with gold, to represent the real sun ; 
and the other keeping in the equator, and silver- 
ed, to represent the fictitious sun ; and that whilst 
these balls move once round the globe according 
to the order of signs, the clock turns the globe 
366 times round its axis westward. ‘The stars 
will make $66 diurnal revolutions from the braz- 
en meridian to it again ; and the two balls repre- 
senting the real and fictitious suns-always going 
farther eastward from any given star, will come 
later than it to the meridian every following day ; 
and each ball will make 365 revolutions. to the 
meridian, coming equally to it at the beginnings 
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of Aries, Cancer, Libra, and Capricorn, but in cHapP. 
every other point of the ecliptic, the gilt ball will _ *' 
come either sooner or later to the meridian than ~~ 
the silvered ball, like the patches above mention- 

ed. This would be a pretty enough way of shew- 

ing thereason whyany given star, which, on a cer- 

tain day ofthe year, comes to the meridian with the 
sun, passes over it so much sooner every following 
day, as on that day twelvemonth to come to the 
meridian with the sun again; and also to shew 

the reason why the real sun comes to the meri- 
dian sometimes sooner, sometimes later, than it is 
noon by the clock ; and, on four days of the year 

at the same time, whilst the fictitious sun always 
comes to the meridian when it is 12 at noon by 

the clock. This would be no difficult task for an 

- artist to perform, for the gold ball might be car- 
ried round the ecliptic by a wire from its north 
pole, and the silver ball round the equator by a 
wire from its south pole, by means of a few wheels 

to each, which might be easily added to my im- 
provement of the’celestial globe, described in N° 
A83 of the Philosophical Transactions, and of 
which I shall give a description in the latter part 

of this book, from the third figure of the third 
plate. | 

282. It is plain, that if the ecliptic were more Prats VI, 
obliquely posited to the equator, as the dotted *’ * 
circle ¥ x 2, the equal divisions from » to x 
would come still sooner to the meridian Z 0 V 
than those marked .4,B, C,.D, and E do; for 
two divisions containing 30°, from ¥ to the se- 
cond dot, a little short of the figure 1, come 
sooner to the meridjan than one division contain- 

ing only 15° from = to 4 does, as the ecliptic 
now stands, and those of the second quadrant 
from x to 2; would be so much later. The third 


176 Of the E Exquiition af Timé. 


eHap. quadrant would be as the first, and the fourth as 


XII. 


the second. And it is ikestiee plain, that where 
the ecliptic is most oblique, namely, about Aries 


and Libra, the difference would be greatest, and 


least about Cancer and Capricorn, where the ob- 


liquity i is least. 
The second 


234. Having explained one cause of the differ. 


part of the ence of time shewn by a well-regulated clock and 


equation © 
time. 


a true sun-dial ; and considered the Sun, not the 
Earth, as moving in the ecliptic; we now pro- 
ceed to explain the other cause of this difference, 
namely, the inequality of the Sun’s apparent mo- 
tion, § 205, which is slowest in summer, when — 
the Sun is farthest from the Earth, and swiftest _ 


jn winter when he is nearest to it. But the Earth’s 


motion oni its axis is equable all the year round, 
and is performed from west to east, which is the 
way that the Sun appears to change his place in 
the ecliptic. 

235. If the Sun’s motion were cqushied in the 


ecliptic, the whole difference between the equal 


time as shewn by the clock, and the unequal time 
as shewn by the Sun, fecild arise from the obli- 
quity of the ecliptic. But the Sun’s motion some- 


times exceeds a degree in 24 hours, though gen- 


erally it is less; and when his motion is slowest, 
any particular meridian will revolve sooner to him 
than when his motion is quickest, for it will over- 


take him in less time when he advances a less 


space than when he moves through a larger. 
236. Now, if there were two sun’s moving in 
the plane of the ecliptic, so as to go round it in 
a year; the one describing an equal arc every 24 
hours, and the other describing sometimes a less 
arc in 24 hours, and at other times a larger, gaining 
at one time of the year what it lost at the opposite; 


it is evident that either of these suns would come 
4 


Of the Equation of Time. 177 


sooner or later to the meridian than the other, as CHAP. 
it happened to be behind or before the other; *"". 
and when they were both in conjunction, they 
would come to the meridian at the same mo- 
ment. — | 
237. As the real sun moves unequably in the prars yi, 
ecliptic, let us suppose a fictitious sun to move Fs: 4 
equably in a circle coincident with the plane of 
the ecliptic. Let 4 6 CD be the ecliptic or or- 
bit in which the real sun moves, and the dotted 
circle a bcd the imaginary orbit of the fictitious 
sun, each going round in a year according to the 
order of letters, or from west to east. Let HIKE 
be the Earth turning round its axis the same way 
every 24 hours; and suppose both suns to start 
from 4 and ain a right line with the plane of the 
meridian LH at the same moment, the real sun at 
being then at his greatest distance from the 
Earth, at which time his motion is slowest ; and 
tlie fictitious sun at a, whose motion is always 
equable, because his distance from the Earth is 
supposed to be always the same. In the time that 
the meridian revolves from H to Hagain, accord- 
ing to the order-of the letters HIKZ, the real. 
sun has moved from 4 to F, and the fictitious 
with a quicker motion from @ to fthrough a 
larger arc; therefore, the meridian /'H will re- 
volve sooner from # to-/ under the real sun at 
F, than from H to é under the fictitious sun at 
ff; and conséquently it-will then be noon by the 
sun-dial sooner than by the clock.’ git 
As the real sun moves from 4 towards C, the 
swiftness of “his motion increases all the way to 
C, where it is at the quickest. But, notwith-— 
standing this, the fictitious sun -gains so much 
upon the real, soon after his departing from 4, 
that the increasing velocity of the real sun does 
Fol. fL. M | 
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cHAP. not bring him up with the equally moving ficti- 
"tious sun, till the former comes to. C, and.the 
~~~ latter to c, when each has gone half round its 
respective orbit ; and then being in conjunction, 
the meridian FA revolving to EK comes. to 
both suns at the same time, and therefore it is - 
noon by them both at the same moment. 

But the increased velocity of the real sun, now 
being at the quickest, carries him before the ficti- 
tious one ; and, therefore, the same meridian will 
come to the fictitious sun sooner than to the real : 
for, whilst the fictitious sun moves from c to g, the 
real ‘Sun moves through a greater arc from C to. 
G: consequently the point K has.its noon by the 
clock when it comes to /4, but not its noon by 
the sun till it comes to 7. And although the ve- 
locity of the real sun diminishes all the way from: 
C' to A, and the fictitious sun by an equable mo- 
tion is still coming nearer to the real sun, yet 
they are not in conjunction till the one comes to 
A and the other to a; and then it is noon by 
them both at the same moment. | 

Thus, it appears that the solar noon is always 
later than noon by the clock whilst the sun goes 
from C to A, sooner’ whilst he goes from / to: 
C, and. at these two poimts the sun and clock 
being equal, it is noon by them both at the same 
moment. | : 

Apogee, 238. The point 4 is called the Sun’s apogee, 
5, 8°, because when he is there, he is at his greatest 
psides, |. : : 4 : 
what. distance from the Earth ; the point C his perigee,, 

because when in it he is at his least distance from. — 
Pate vi,the Earth: and a right line, as 4E C, drawn 
Vig. 4. through the Earth’s centre, from one of these’ 
points to the other, is called the line of the apsi- 
des. | | ) , 2 
239. The distance that the Sun has gone im: 
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any time from his apogee (not the distance he CHAP. 
has to go to it, though ever so little), is called _*™" 
his mean anomaly, and is reckoned in signs and Mean Ano- 
degrees, allowing 30 degrees to a sign. Thus, ™!y»what. 
when the Sun has gone, suppose 174 degrees 
from his apogee at , he is said to be 5 signs 24 
degrees from it, which is his mean anomaly; and 
when he is gone, suppose 355 degrees from his 
apogee, he is said to be 11 signs 25 degrees from 
it, although he be but 5 degrees short of in 
coming round to it again. 
240. From what was said above, it appears, that 

when the Sun’s anomaly is less than 6 signs, that 
is, when he is anywhere between 4 and C, in 
the half 4 B C of his orbit, the solar noon pre- 
cedes the clock noon ; but when his anomaly is 
more than 6 signs, that is, when he is anywhere 
between C and J, in the half. C:D.A of his orbit, 
the clock noon precedes the solar. When his - 
anomaly is O signs O degrees, that is when he is 
- in his apogee at 4, or 6 signs O degrees, which 

is, when he is in his perigee at C; he comes to 

the meridian at the moment that the fictitious 

sun does, and then it is noon by them both at 

the same instant. 

_ 241. The following table shews the variation, 

or equation, of time depending on the Sun’s ano- 
maly, and arising from his unequal motion in 
the ecliptic; as the former table, § 229, shews 

the variation depending on the Sun’s place, and 
resulting from the obliquity of the ecliptic ; this 

is to be understood the same way as the other, 
namely, that when the signs are at the head of 

the table, the degrees are at the left hand; but 
when the signs are at the foot of the table, the 
_ Fespective degrees are at the right hand; and in 

- both cases the equation is in the angle of meet. 

| ’ Me : 
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ing. When both the above-mentioned equations 
are either faster or slower, their sum is the abso- 
lute equation of time ; but when the one is fast. 
er, and the other slower, it is their difference. 
Thus, suppose the equation depending on the — 
Sun’s place, be 6 minutes 41 seconds too slow, 

and the equation depending on the Sun’s ano- 
maly, be. 4 minutes 20 seconds too slow, their 
sum is 11 minutes 1 second too slow. But if 
the one had been 6 minutes 41 seconds too fast, 
and the other 4 minutes 20 seconds too slow, 
their difference would have been 2 minutes 21. 
seconds too fast, because the greater quantity is 


too fast.? 


* The following Table, which is nothing more than the 
equation of the Sun’s orbit, or the difference between his 
mean and true place, converted into time, has been computed 
anew from the accurate Solar tables of M. de Lambre, 
and adapted to the year 1802. But as the equation of the 
solar orbit diminishes at the rate of 18.8 in a century, this 
part of the equation of time will diminish at the rate of 
1”.25 in a century. There is also another variation in the 
equation of time, arising from the motion of the Sun’s 
apogee, and athounting, at a maximum, to 14’.3 in a cen- 
tury, when the Sun is in the apogeal or perigeal poimte 
of his orbit, but for common these variations may be safely 
neglected.—Ep. 
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Sun slower than, the Clock if his Anomaly be 


42. The obliquity of the ecliptic to the equa- 
tor, which is the first mentioned cause of the 
equation of time, would make the Sun and clocks 
agree on 4 days of the year; which are, when 

M 3 
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CHAP. the Sun enters Aries, Cancer, Libra, and Capri- 

tmp corn : but the other cause, now explained, would 
make the Sun and clocks equal only twice in a 
year ; that is, when the Sun is in his apogee and 
perigee. Consequently, when these two points 
fall in the beginnings of Cancer and Capricorn, 
or of Aries and Libra, they concur in making 
the Sun and clocks equal in these points. But 
the apogee at present is in the 9th degree of Can- 
cer, and the perigee in the 9th degree of. Capri- 
corn ; and, therefore, the Sun and clocks cannot 
be equal about the beginnings of these signs, nor 
at any time of the year,.except when the swift- 
ness or slowness of the equation resulting from 
one cavse just balances the slowness or swiftness 
arising from the other. 

243. The second table in the following chap- 
ter shews the Sun’s place in the ecliptic at the 
noon of every day by the clock, for the second 
year after leap-year; and also the Sun’s ano- 

-maly to the nearest degree, neglecting the odd 
minutes of that degree. Its use is only to assist 
in the method of making a general equation table 
from the two fore-mentioned tables of equation 
depending on the Sun’s place and anomaly, § 
229, 241; concerning which method we shall 
give a few examples presently. ‘The next fol- 
lowing tables are made from those two; and 
shew the absolute equation of time resulting from 
the combination of both its causes; in which 
the minutes, as. well as degrees, both of the 
Sun’s place and anomaly, are considered. The 
use of these tables is already explained, (§ 225) ; 
and they serve for every day in leap-year, and 
the 1°, 2°, and 3¢ years after: for, on most of 
the same days of all these years, the equation 
differs, because of the odd 6 hours more than 
the 365 days of which the year consists. 
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Example I. On the 15" of April, the Sun cHaP. 
is in the 25" degree of Aries, and his anomaly ‘ti 
is 9 signs 15 deprees; the equation resulting from Examples 
the former is 7 minutes 23 seconds of time too SABIE 
fast, (§ 229); and from the latter, '7 minutes 27 alee 
seconds too slow, (§ 241) ; the difference is 4 se- 
conds that the Sun is too slow at the noon of that 
day, taking it in gross for the degrees of the Sun’s 
‘place and anomaly, without making proportion- 
able allowance for the odd minutes, Hence, at 
noon, the swiftness of the one equation balancing 

so nearly the slowness of the other, makes the 
Sun and clocks equal on some part of that day, 

Example If. ‘On the 16" of June, the Sun is 
in the 25" degree of 2 Gemini, and his anomaly 
Is 17 signs 16 degrees ; the equation arising from 
the former is 1 mmute 48 séconds too fast; and 
from the latter, 1 minute 50 seconds too slow ; 
which balancing one another at noon to 2 seconds, 
the Sun and clocks are again equal on. that day. 

Example Ill. On the 31° of August, the 
Sun’s place is 7 degrees 52 minutes of % Virgo, 
{which we call the 8" degree, as it is so near) and 
his anomaly is 2 signs O degrees; the equation 
arising from the former, is 6 minutes 41 seconds 
too slow ; and from the latter, 6 minutes 39 se- 
conds too fast, the difference being only 2 seconds 
too slow at noon, and decreasing towards an in- 
equality, will make the Sun and clocks equal in 
the afternoon of that day. «° 

Example IV, On the 234 of December, the 
Sun’s place is 1 degree 41 minutes (call it 2 de- 
grees) of ¥f Capricorn, and his anomaly is 5 signs 
23 degrees; the equation for the former is 43 
seconds too slow, and for the latter, 58 seconds 
too fast; the difference is 15 seconds too fast at 
noon, which decreasing will come to an equality, 


yore. # 
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cuar, and somake the Sun and clocks equal in the 
3 evening of that day. 
ies thus we find, that on some part of each 
of the above-mentioned four days, the Sun and 
clocks are equal ; but if we work examples for 
all other days of the year, we shall find them dif- 
ferent. And, 

Remark. 244, On chee days which are equidistant from 
any. equinox or solstice, we do not find that the 
equation is as much too fast or too slow on the 
one side, as it 1s too slow or too fast on the other. 
The reason is, that the line of the Apsides, ( § 
238), does not at present fall either into the equi- 
noctial or solstitial points, (§ 242). 

The reason 245. The four following equation tables for 

why eqva- leap-year, and the first, second, and third years 

are but after would serve for ever, if the Sun’s place and 
temporary- anomaly were always the same on every given: 
day of the year as on the same day four years 
before or after. But since that is not the case, 
_ no general equation tables can be so constructed 

as to be perpetual. 


ff 


CHAP. XIV. 


OF THE PRECESSION OF THE EQUINOXES. 


246. I, has been already observed, (§ 116,) that crap 
by the Earth’s motion on its axis, there is more X!V- 
matter accumulated all around the equatorial 
parts than anywhere else on the Earth. 

The Sun and Moon, by attracting this redun- 
dancy of matter, bring the equator sooner under 
them in every return towards it, than if there was 
nosuch accumulation. Therefore, ifthe Sun sets 
out as from any star or other fixed point in the 
heavens, the moment when he is departing from 
the equinoctial or from either tropic, he will come 
to the same equinox or tropic again 20 minutes 
174 seconds of time, or 50 seconds of a degree, 
before he completes his course, so as to arrive 
at the same fixed star or point from whence he 
set out. For the equinoctial points recede 50 
seconds of a degree westward every year, con- 
trary to the Sun’s annual progressive motion. 


CHAP. 


bats 


Puate VI, 
Fig. 4. 


= 


186 Ofthe Precession of the Equinoxes. 


When the Sun arrives at the same * equinoc- _ 
tial or solstitial poit, he finishes what we call the 
tropical year, which by observation is found to 
contain 365 days 5 hours 48 minutes 57 seconds; 
and when he arrives at the same fixed star again, 
as seen from the Earth, he completes the sydereal 
year, which contains 365 days 6 hours 9 minutes 
142 seconds. ‘The sydereal year is therefore 20 
minutes 17+ seconds longer than the solar or tro- 
pical year, and 9 minutes 14+ seconds longer than 
the Julian or civil year, which we state at 365 days 
6 hours ; so that the civil year is almost a mean 
betwixt the sydereal and tropical. 

247. As the sun describes the whole ecliptic, 
or 360 degrees in a tropical year, he moves 59 
minutes 8 seconds of a degree every day at a mean 
rate, and consequently 50 seconds of a degree in 
20 minutes 1'74 seconds of time; therefore he will 
arrive at the same equinox or solstice when he is 
50 seconds of a degree short of the same star or 
fixed pojnt in the heavens, from which he set out 
in the year before. So that with respect to the fix- 
ed stars, the Sun and equinoctial points fall back - 
(as it were) 30 degrees in 2160 years, which will 
make the stars appear to have gone 30 degrees 
forward with respect to the signs of the ecliptic 
in that time, for the same signs always keep in the 
same points of the ecliptic without regard to the 
constellations. 

To explain this by a figure, let the Sun be in 
conjunction with a fixed star at S, suppose in the 


* The two opposite points in which the ecliptic crosses 


the equinoctial, are called the Eguinoctial points ; and the 


two points where the ecliptic touches the tropics, (which 
are likewise opposite, and 00 degrees from the former ) are 
called the Solstitial potnis. 
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80" degree of ¥, onthe 21° day of May 1756. GAP, 

Then making 2160 revolutions through the eclip-,_ *'¥ 

tic V WX, at the end of so many sydereal jets, 
he will be found again at §; but at the end of so 
many Julian years, he will be found at M, shert 
of §; and at the end of so many tropical years, he 
will be found short of M; in the 30" degree of 
Taurus at Z, which has receded back from S to 
T in that time, by the precession of the equinoc- 
tial points Aries and 2: Libra. The arc $ T will 
be equal to the amount of the precession of the 
equinox in 2160 years, at the rate of 50" of a de- 
gree, or 20 minutes 174 seconds of time annual- 
ly; this, in so many years, makes 30 days 10£ 
hours, which js the difference between 2160 sy- 
dereal and tropical years.. And the arc MT will 
be equal to the space moyed through by the Sun 
in 2160 times, 11 minutes 3 seconds, or 16 days 
13 hours 48 minutes, which is the difference be- 
tween 2160 Julian and tropical years. 
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CHAP, A Table shewing the Precession of the Equinoctial Points in 
XIV. the Heavens, both in Motion und Time, aed the Anticipa- 
oy dion. of the Equinoxes on Earths 


Precession of the Equinoctial ‘Points| Anticipation of 
| inthe Heavens, the Equinoxes 
Pepys pep oe pv La 

Motion. ~ Time. on the Earth. 


3.0) adh Days. ue. M. 8 [ D. oH, 
71/0 0 050; O 020173/'6 0 
2|0 0 140} 0 04035] 0 0 
3,0 0 230); 0 1! O 5241.0 0 
AO. iO at 2015 OTe APOE arg 
Bt Or Ow Ont el dt Oe er TCO cy 

Tho POO st 04! OF 2 Pigs Poy 
ao) or..00 SSO }O8 grams sei o pw 
810 0 640| 0.24220] 0 1 
9,9 0 77 tee a ims ene 0? fo SB 9 Bie 
10,1 0° 08.20 |°"0"./3, 92 55°)" 0-3 
20:0 01640| 0 645 50] O 3 41 
30 | 0 025 0}|.010 845] 0 5 
40); 0 O33 20] 013 31 40] 0 7 
501.0 041 40] 016 54.35] O Qg 
60;0 050 O| 0201730} 011 
70 | O° O 58 20 | 0 23 40 25 | O 

o 1 640) 1-3 320] 0 

Gi 4 3870.) ok, ORO LS eee 

O 12320] 194910] Oo 

10 24040] 2193820] 1 

0 410 O| 4 5 2730] 2 

O 533 20} 5151640] 3 

0.65640} 7. 1°:5 50] 323 

0820 O} 81055 ' 0] 4 

0 9 43 20} 9 204410] 5 

O11 6 40 1°11’. 6'33'20'|° 6° 

O12 30 O|} 12 16 22 30] 6 

. 013,53 20] 14. 2.11 40] 7 

0 27 46 40} 28 4 23 20} 15: 

111 40 0] 42 635 O} 93 

1 25 33 20] 56 8°40 40 | 301 

2 9 26 40] 70 10 58 20‘W3 

223 20 O| 84 13 10\ 04 46 

3 7 13 20] 98 15 21 404-53 

BOO AON I2 17353520.) (01 

4 5 0 0/126.19 45 0] 69 0 

4 18 53 20 1140 21 56 40 | 76 17 40 O 

9 7 46 40 281 19 53 20 /153 11 20 oO 

12 0 0 0 


365 6 O O/108 21 36 0 
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248. From the shifting of the equinoctial CHAP. 
v ; $ ° ous XIV. 
points, and with them all the signs of the ecliptic, , ‘ 
it follows, that those stars which in the infancy 
of astronomy were in Aries are now got into 
Taurus, those of Taurus intoGemini, &c. Hence, 
likewise it is, that the stars which rose or set. at 
any particular season of the year, in the times of 
Hesiod, Eudoxus, Virgil, Pliny, &c. by no means 
answer at this time to their descriptions. ‘The 
preceding table shews the quantity of this shift- 
ing both in the heavens and on the earth, for any 
number of years to 25,920, which completes the 
grand celestial period, within which any number 
and its quantity is easily found ; as in the follow- 
ing example, for 5763 years, which at the au- 
tumnal equinox, A. D. 1756, is thought to be the - 
age of the world. So that with regard to the 
fixed stars, the equinoctial points in the heavens 
have receded 2° 20° 2’ 30" since the creation, 
which is as much asthe Sun moves in 814 5°0" 52°. 
And since that time, or in 5763 years, the equi-: 
noxes with us have fallen back 44¢ 55 21™ 9°; 
hence, reckoning from the time of the Julian 
equinox, A. D. 1756, viz. September 11", it ap- 
pears that the autumnal equinox at the creation 
was on the 25"" of October. 


Precession of the Equinoctidl Points Anticipation ef 
in the Heavens. ‘ the Equinoxes 
Motion. - . Time, ‘son the Earth. 


si 40207) «Fe bao met eat “el? 


5000 | 2. 9 26 40 |70 10 58 20 
700} 0 9 43 20| 9 20 44 10. 
60|}0 050 010 20 17 304 
3/0 0.230|0 1.052 


=e AES SAS AS 


220 230 \81 5 05244 5 21 
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cHAP. 249. The anticipation of the equinoxes, and 
wi consequently of the seasons, 1s by no means ow- 
The antici- Ing to the precession of the equinoctial and sol. 
Beane ‘Stitial points in the heavens, which can only affect 
noxesand the apparent motions, places, and declinations, 
seasons. + of the fixed stars,) but to the difference between 
the civil and solar year, which is 11 minutes 3 se- — 
conds, the civil year containing 365 days 6 hours, 
and the solar year 365 days 5 hours 48 minutes 
57 seconds. ‘The next following table, page 193, 
shews the length, and consequently the difference 
of any number of sydereal, civil and solar years, 
from 1 to 10,000. 

Fhe reason 950. The above 11 minutes 3 seconds, by 

or altering " A -« : 
the style. which the civil or Julian year exceeds the solar, 
amounts to 11 days in 1433 years; and so 
much our seasons have ‘fallen back with re- 
spect to the days of the months, since the 
time of the Nicene council in «a. p. 325, and 
therefore, in order to bring back all the fasts 
and festivals to the days then settled; it was res 
quisite to suppress 11 nominal days. And that 
the same seasons might be kept to the same 
times of the year for the future, to leave out the 
bissextile day in February at the end of every 
century of years not divisible by 4, reckoning 
them only common years, as the 17", 18", and 
19" centuries, viz. the years 1700, 1800, 1900, 
&c. because a day intercalated every fourth year 
was too much, and retaining the bissextile-day at 
the end of those centuries of years which are di- 
visible by 4, as the 16", 20", and 24" centuries, 
viz. the years: 1600, 2000, 2400, &c. Other- 
wise, in length of time, the seasons would be 
quite reversed with regard to the months of the 
year, though it would have required near 23,783 
years to have brought about such a total change. 
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- Uf the earth had made exactly 365+ diurnal ro= CHAP: 
tations on its axis, whilst it revolved from 2 coe 
equinoctial or solstitial point to the same again, 
the civil and solar years would always have kept 
pace together, and the style would never have 
needed any alteration. 

251. Having already mentioned. the cause of The pre- 
the precession of the equinoctial points in. the Bote 
heavens, (§, 246,) which occasions a slow devia-noctial 
tion of the Earth’s axis from its parallelism, and?°"* 
thereby a change of the declination of the stars 
from the equator, together with a slow apparent 
motion of the stars forward with respect to the 
signs of the ecliptic, we shall now enn the 
phenomena by a diagram. 

Let NZ SV LZ be the Earth, §O N A its axis Us Vi, 
produced to the starry odin and. terminating "= 
in 4, the present north pole of the heavens, 
which is vertical to N the north pole of the earth. 

Let EO Q be the equator, Z o> Z the tropic of 
Cancer, and TZ 15 the tropic of Capricorn : 
VO Z the ecliptic, and BO its axis, both. which 
are immoyeable among the stars. But as the 
equinoctial * pomts recede im the ecliptic, the 
Earth’s axis 5 ON is in motion upon the Earth’s 
centre O, in such a manner as to describe the 
double cone N On and $0 s round the axis of 
the ecliptic B O, in the time that the equinoctial 
points move quite round the ecliptic, which is 
25,920 years, and in that length of time the north 


2 The equinoctial circle intersects’ the ecliptic in two eps 
posite points, called Aries and Libra, from the signs which 
always keep in these points; they are called the equinoc- 

- tial points, because when the Sun is in either of them, he 
is directly over the terrestrial eqnater, and then the days 
and nights are equal. 
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CHAP. pole of the Earth’s axis produced describes the 
tiweatl circle 4. BCD Ain the starry heavens, -round 
the pole of the ecliptic, which keeps immoveable 

in the centre of that circle. ‘The Earth’s axis be- 
ing 232 degrees inclined to the axis of the ecliptic, 
the circle 4 BC D A described by the north pole: 
of the Earth’s axis produced to 4, is 47 degrees in 
diameter, or double the inclination of the Earth’s 
axis. © In consequence of this, the point 4, which 
at present is the north pole of the heavens, and 
near to a star of the second magnitude in the tail . 
of the constellation called the little bear, must be 
deserted by the Earth’s axis, which moving back- 
wards a degree every 72 years, will be directed to- 
wards the star or point B in 6480 years hence, 
and in double of that time, or 12,960 years, it will 
be directed towards the star or point C, which will 
‘then be the north pole of the heavens, although 
it is at present 8£ degrees south of the zenith 
of London Z. » The present position of the equa- 
tor £ OQ, will then be changed into eOg, the - 
tropic of Cancer J 95 Zinto Vt 95, and the tro-° 
pic of Capricorn Vt yp into t ys Z, as is evident 
by the figure. And the Sun, in the same part of 
the heavens where he is now over the earthly 
tropic of Capricorn, and makes the shortest days’ 
and longest nights in the northern hemisphere, ° 
will then be over the earthly tropic of Cancer, 
and make the days longest and nights shortest. 
So that it will require 12,960 years yet more, or 
25,920 from the then present time, to bring the .. 
north pole N quite round, so as to be directed 
toward that point of the heavens which is vertical 
to it at present. And then, and not till then, the 
same stars, which at present describe the equator, 
tropics,’ and. polar-,circles, &c., by:,the. Earth’s 
diurnal motion, will describe them over agam. 
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N. Bo, As the sydereal year is now found from the CHAP. 
most accurate observations to be only 305° 6" 9’ 11”.6, the XIV. 
first part of the following table, containing the sydereal Gey—ucs 
years, will err in excess 2”.9 for every year. If 7, there- 
fore, be the number of civil years for which the sydereal 
time is required, 2 X 2”.9 will be the correction to “be 
added to the time given by the table. Thus, if [ want the 
sydereal time for 60 years, the table gives 21915" g’ 14’ 30”; 
but 2 being in this case equal to 60, the correction n x 
2”.9 will be equal to 60 X 2”.9, or 174”, or 2’ 54”, so that 
the true sydereal time will be 219150 9* 17’ 24”. 

The solar year being only 305° 5° 48' 48”, the 2¢ part of 
the table containing solar time will err 9’ in excess for every 
year, so that 2 being the number of years as before, n % 9° 
will be the correction which is always to be added to the. 
time given by the table.—Ep. 


Vol. L. N' 
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A Table shewing the Time contained in ariy number of Sydereal, 
Julian, and Solar Years, from 1 to 10000. 


Solar Weare 


Spilcreal Yeats, 


Days. |H. [My S. 


(Julian Yeats.| .. 


730/12|18/29 730|12/i 

1095|18|27/433]] 1095|18 1005 095 17 26; eB 
1461] 0/36/58 1461| O 460'23/15/48 
1825] 5 5 Alas 


2191|12|55|27 2191]12|| 2191/10 53142 
2556|19| 5/4141 2556118 
2922| 1113/56 

3287| 7/23/104) : 
3652)13|32|25 3652/12 


7305| 3| 4|50 7304/20/19 
10957}16|37115 10957/1 10957} 6)28/3 
14610; 6] 9/40 14609}16'38 

oc 18262|19|42) 5 18262|12 18260 2\47 
21914/12157 


Sa Pe 8 


_ HON 9 14/30 
70) 55 | 
80) an 12) ali9/20 | 
90) 32873) 1151/45 
1 305: 2516 |24 10 | 
2 Kodo 6148120 | 


36524} 5/35 
73048)11)10 
109572|16)45 
146096)22/20 
182621] 3|55 
219145} 9/30 
255069)15] 5 


ee ee ee 


3 104576 :22|12 12/30 | 
400] 146102' 13/36/40 | 
500 182628] 5; 0150 
6 
fi 


1826025 
219150 
255675 


219153 20 25 
; 5507911 49|10 


owe | ee | 


2902200 
Sere 
cr den 


202205] 3113/20 
328730)18137/30 
365256110] 1140 
730512'20| 3120 | 


292193|20/40 
328718} 2/15 
365242| 7|50 
730484/15 40 
10957 26/23 |30 
1460969] 7/20 
1826211115}10 
2191453|23} O 
2556696} 6/50 
2921938]14/40 


Ce feel 


Deewana | en 


4. 1461025]16) 6/40 |1461000 
5000|1826262| 2] 8/20 |1826250 
2191500 
g fepsoeh 


Ah, All Teg iG RT Pe EG 


287 180/22130 
13652423] 6120 


100003652564| 4|16/40 3652500 


Tables of the Sun’s Place and Anomaly. 198: 


A Table shewing the: Sun’s true Place and Distance from his 
Apogee, for the second Year after Leap-year. 


January. _;__ February. 
ty} Sun’s | Sun’s | Sun’s } Sun’s 
a Place. |Anom. |'Place.’ 'Anom/ 
ai : \ 


7Sun’s: 
Place. 


111 NY 7/6 
912 86 
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A Table shewing the Sun's true Place, and Distance from his 
Apogee, for. the'second Year after Leap-year. 
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A Table shewing the Sun's true Place and Distance from his 
Apogee, for the second Year after Leap-year. 


, September. | October. | November. | Deember. CHAP, 
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200 Equation Tables. 
A Table shewing what Time it ought to be by the Elock 
when the Sun’s Centre is on the Meridian. 
The Bissextile, or Leap Year. 


January. February. | March, | April. 
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A Table bcd abinte Tine iss dup bindote nbiyebe..Clock 


avhen the Sun’s Centre is on the Meridian. 
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A 4 Table shewing what Tine it ought to be by the Clock 
dyed < when the Sun’s Centre is on the Meridian. | 
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A Table shewing what Time it onght to be by the Clock 
~ V gohen the Sun’s nk vel is On “the Meridian. 
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o January {-. February. March, |. April. 
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v4 EAN Gt 14 38 PA 1V0T3h 20.2 
8 7 28 14 40! 10 57 1 44 
9} 7 53} 14.41 10 42 1/27 
10) 8°17 14 Aly 10 26 1 11 
x 
— a rh ACG . H 
11) x11 8 ab xiv14-40|-xir-10° 9) xm 0 54 
12 9 3 14 39 Q 53 0:38 
13 Q 25} 14.37 9 36 O 22 
14 Q 47} 14:35 9 19 0 '7 
15 10 8 14 3] 9 1| xt 59 52 


10; x11 10 28) x11 14 a7|- ‘x11 8 44| xr 59 3y| 


17 10 48} “Y4199 8 26 59. 25| 
18 rite? 14.17 8 8 59 9} 
19 11 25 14°11 7 50 58 56} 
20) 11 42 14 4 7°32 58 <4 
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A Table. chewing what Time. it ought to, be by the Clock 
ahen the Sun’s Centre is on the Meridian. © 


: ‘The first Year afier Leap-T. ear 
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A Table shewing what Time it, ought to be by the Clock 


when the Sun’ $ Centre't 1s on the Meridian. 


3 AS 


‘The Jirst Lear after Leap-Year.. 


November. 


-- December. 
earnest 2. it 


; x5 43 47| x1 49 36} 
«2. 40 40] , » 40 59 
43 46 50 
A3 47 50 
AS BO 5 S11 


xt 43 53 yr 51 


43 57 rh 
44 1 52 
44.7 52 
44 13 53 


x1 44 20. x1 53 


44 29 5A, 9: 
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44 59 55 5 


x1 45 10) x1 [56 2 
45. 22 50 
45 36 57. 2 
45 50 57. 5 
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A Table eins what Pye it ought to be 4 the Clock 
avhen the Suns Centre is on the Meridian. 


The Second year after Leap-Year. 
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A Table shewing what Time it ought to be by the Clock. 
ahen the Sun's Gentre is on the Meridiane 


The second Year after Leap-Year. 


CHAP; 
iY July XIV. 
e $s. een moose 
1 57 21) xmr *oid 

2 57 30 3°3 

3 57 40 34 

4 57 50 35 
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A Table shewing what Time it ought to be by the Clock 


Equation Tables. 


ahen the Sun's Centre ison the: Meridian. 


The second Year after Leap-Year, 


XI 


x1. 


| x1 


xt 


December... 


sie = Bepeenibch: October., November. 
Kime emi |S} He Ms Sex] my My so] Bi Ma 1S. 
1] x1 59 42} xt 4Q 35) x4 43 47 

2} ° 59 23 49 10 43 46): 
3 59 4 48 58 43 47 
4 58 45 48 40 43 Ao 
5 58 25 48 22 43 51 
6 x1 58 6X! 48 5] xt 43 53 
» 57 46 47 48 43 57 
11) x1 56 24| xr 46 45) x1 44 21 
12 560 4 40 31 44 28 
13 55 43 46 17 44 37 
14 55 22 46 3 44 46 
15 55 1 45 50 4457 
16| x1 54 40) x; 45 37; x1 45.8 
17 54 19 45 25 45 20 
18 53 58 45 14 45 32 
19 53 37 45 3}! 45 46 
20 53 16 44 53 461 
, jaa] x1 52 55) xt 44 44) x1 46.16 
22 52 34 44 35 46 32 
23 52 13 44 27 46 49 
4 5L 53 44 19 47 6 
25 51 32 44 13 47 (25 
96| x1 51 12) *! 44 7\ x1 47 44 
7 50 521. atl, 48 4 
8 50 32 43 57 48 25 
20 50 13 43 53 AS 46 
30 49 54 43 51 4g 8 
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A Table shewing what:Time it ought to be by the Clock 
when.the Sun’s Centre is on.the Meridian. 
. | The third year after Leap Year. 


February. 


March. Ws April. c at 
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43 5Q)XI1 
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A Table shewing what Time it ought to be: by the Clock 


when the Sun’?s Centre is on the Meridian. 


The third year after Leap Year. 


le! - May. "June. July. | August. 
fo feapaams nora] a 
els M. s.| H M. 8. 
1} x1 50 52) x1 3°17) x1 
oe = 56 457% 1 3 28 
3° «56.38 3 40 
Al 56 31 3°5F 
5} 56 25 AY 
6} xt 56 20) xr A’ 11) x11 
7 56 16 4 21) ‘ 
8 56 12 4 31 
9 56 8 4 40 
10 56 }*-5y | 4 Ag 
EY} xt" SOONS) Sey 4° 57| X11 
12 56 Ol’ re fea 
13 55 59 5 12 
14 55 59 5 19 
15 55 5Q 5 25 
16} xt 56° 50) x11 5°31 xu 
7 56 Ol” 5 37 
118 56104 5 42 
High > 56 .°.3 5 46 
20 506 26 5 50 
alixr. 56): Of x11 5 
22 56 13 5 
23 56 17)" 5 
{24 50 22}' 6 
25 56 28 0 


- : 7 wh se 


26 x1 56 34)xir 12°15) x11 96 
27 56 40) Di2gret. G 
28] 56 47 2 40 6 
29 56 55] 4 2153 6. 
30 57188 31 5 5 
isi 57 12 5 55 
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A Table shewing what Time it ought to be by the Clock 
avhen the Sun's Centre is on the Meridian. 


The third Year after Leap-Year. 


November. |. December, 


H. 


xT 


212 


*, * OBSERVE, by a good meridian line, or by a tran- 
sit instrument properly fixed, the moment when the 
Sun’s centre is on the meridian; and set the clock to 
the time marked in the preceding table for that day of 
the year ;—then, if the clock goes true, it will point 
to the time shewn in the table every day afterward at 
the instant when it is noon by the Sun, which is when 
his centre is on the meridian.—Thus, in the first year 
after leap-year, on the 20" of October, when it is. 
noon by-the Sun, the true equal time by the.clock is 
only 44 minutes 50 seconds past x1; and, on the last 
day of December (in that year) it should be 3 minutes 
A5 seconds past x11 bythe clock when the Sun’s cen- 
tre is on the meridian. 


Tue following table was made from. the preceding 
one, and is of the common form of a table of the equa- 
tion of time, shewing how much a clock regulated to 
keep mean or equal time, is before or: behind the ap- 
parent or solar time, every day of the year. 


EQUATION or TIME, 


How much a Clock should be faster or slower than 
the Sun, at the Noon of every Day inthe Year, both 
wn Leap-years and Common Years: 


[The Asterisks in the. Table shew where the Equation changes to 
Slow or Fast. } 
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A Table of the Equation of Time, shewing haw 
much a Clock should be faster or slower than the 
Sun, every Day of the Year, at Noon. 


The Bissextile, or Leap-Year. 


CHAP. | Jan. 
xiv. |Y 
ne 1 


a 
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~~ Feb. a April. 


[ORD “SOE CEES ere ae | See 


M. S. 


Sen ee ee 


3 59114 312 323 4413 
2 2 aia 32 3 220 
3 495/48 17128. 6 3S 8 
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4 
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5 50114. 28lKL 38 2 32) < 

6 wid gain 24,2 15 
14 3611 bh 9) 1 58 
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A Table of the Equation of Time, shewing how much 
aClock should be faster. or slower,.than the Sun, 
every Day of the. Year, at Noon. at 


The Bissextile, or Leap-year, 


ies @s ? 
3° 25] 55 50) Om 27]10. 34/16, 13110. 17 
3.430] 5 46} 0 G40)10 453/10 Q13) 954 
3847} 5 541) 19 511911116912) 9 29 
358) 536] 1 25/11 2GLO P11 OF 5 
Ar 8] 5e 30] 19.44/11, ,47|16,, 8} 8, 39 
LAlL2y , 4)16 Ht 8a. 17 
24/12 2.2010 2.01 7247 
A5|12 437/15 357] 7.421 
5/12 & 53115 8 51) 6854 
2613, 815 44) 6 26 
A713), 23/15, -37| 5. 58 
813. 37|15 201 5, 30 
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82 
3 
5) 32/14 3014 48] 3, 33 
5 5314 42/14. 35,3 4 
6 14/14 53/14 22/2. 34 
G6 35/15 (3114, -8)2. 4 
6 5615 13]13 53) 1 
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A Table of the Equation of Tine, shewing how much. 
a Clock’ should be faster or slower than the Sun, 
every Day of the Year, at Noon. 


The fitst Year after a 
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A Table of the Equation of Time, shewing how much 
a Clock. should be faster or slower than the Sun, 
every Day of the. Year, at Noon. 


The first Year after Leap~Year. 
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A Table of the Equation of Time, shewing how much 


\@ Clock should be faster or slower than the Suny 
every Day of the Year, at. Noon. 


The Second year after Leap-Year. 


3% 10) 2 39 
2) 4 41/14 913/12 425 3 G84 3°Q17| 2.430 
3 5S gi14. 919/125 12 35°16 3.924 2920 
5 36114 25111 58 2.58 ih itr 210 
Rar cali agjt1' 44] 2 40] 3 36,2 0 
(6 6: 3014. 33)11. 30) 2) 22) 3 ai] 1 49 
7 © O 56)14 436/11 mh15} Zen 5 3 2.46 
291114 3 38)11 3 ) 1248 3249 

nats 40110 #45 1231 3253 
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Ml Table of the Equation of Time, shewing how much 
a Cloc’ should be ‘aster or slower than the Sun, 
every day of the Year,at Noon. 


T he second Year after Leap-Year. 


_ July. August.| Sept. Oetober.) “Nov. |. Dec. 


19 5° 511 O. 18/10 25/16 1310 29 


30, °5 @48! 0 437/10 44416. IZ 10¢ 6 
41, 5943) OS 5011 5 2\16 512 go 42 
52-5 38)-1 F15|11 2016 711 Qrl7 
3| 5° 33] 1. 35|11) 138)16; 9 8. 52 
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13) 5% 2A Le G41 1 :6S)1Gy. 2 71 8 

4 423) 5 cp20 2E14N2E ING Z 3 8 
8) 4233] 5413 2234/12 2 28)15 2 58) 7 
S491 65 5 2 & 55)12 5 44115 8 53) 7° 

4: 5U 4. 56) 3; 15]13. O15; :47] 6. 38 


A7| 3, 3613,. 15115) 40,6. 11 
88} 3. 50)13 29115, 321 '5 43 
28} 4.17/13. 43115, 231 5. 14 
17] 4) 38}13,, S715). 131 4. 45 
5| 4. 5914 10115, 3) 4. 26 


5 20114. 23 


14,52) 3,47! 


1} 8. 715 41/12 54) O *11 
45) 8 ua 4712, 35; 0 41 
28) 8 4815 5312 101 11 
11) 9 g)15 5911 50} 141 
54,9 2810 3 
36) O afi? 0 
1810 616 9 
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AA Table of the Equation of Time, shewing how much 
a Clock should be faster or slower than the Suny 
every Day of the Year, at Noon. 


The third Year after Leap-year. 


CHAP. ~ Jan. Feb, | March. | April. ¢ May. ; June. 


| Set A RS) (arn ER, Oe Se NTT aT eee Neer 
emer e senEcaacs to | Vereeercenerme te peemeae peer ees | remem eee) 
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6 24/14 33}11 34) 2° 2713 40 
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8 7 21614 2 38h 2 4| 1252] 3 248 
ol 7 41114 “4010 #49] 138/32 52 
19, 8 sid 4110 33)1 8} 389 
tils aga 4tlo 17 a3 57 
12] 8 s2hi4 4010 Ai 45| 3 89 
1319 15114 38! 9 43) 0 29014 1 
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15,9 5814 33/9 g)@ *2)4 2 


A ewees TES, 


51}0 17\ 4 
34/0931} 4 0 is 


a8 eolins Seley ae 


Equation Tables. 221 

“4 Table of the Equation of Time, shewing how much 

a Clock should be faster or slower than the Sun, 
every Day of the Year at Noon. 


The third Year after Leap-year. 


August. { Sept. Pefober, Nov. Dec. CHAP. 
, ———_—_—| XIV. 
Me Se [Me Se | Meee pine 
16. 120 -34 
O28] 5 6950/0 431]10 A396 B13)10 Q11 
AO} 50 45| 0350109 57/160 131 9548 
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51] 5 FAl] 1 1011 F 1016 Pr 9 23 
HH $35) ) QGVs: 33/10" YOu S ‘58 
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53 7| 2850128 4115 855) 7 514 
57115 50/6 47 


oe 
1215+ 43/6. 19 
27115 i855. 51 
All5 2715 23 
5515 (18) 4 54 
8115 7 a O25 
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165 31 


175 37) 3: 043) 5 37114 4443 26 
185 4213 31) 5 594 32| 2 56 
195 463° 1716 1914 is} 2 26 
20,5 5013 14,6 4015 441 56 
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A concise Equation Table, adapted to the second Year 
after Leap-Year, and within a Minute of the truth 
for every Year ; shewing to the nearest full Minute, 
Boles inticB a’ Clock should be Mayosgh or slower than the 
Sun. By Mr.o Smratone os, 


Aten onal 29: 3 S— 2 2 
Feb. 1015 = June | 23 iy ae 
) 2ipa die 10) 12 ee 
eo e27KS Ui ip 15/10 i es 
‘Mars. 4412 Wi os *| — r 4 a 
LOL dre Qolitel d | B | Z 
L2H0— |] —--25}-2-S4-—; claw 
15)9 Wii 2913 R\Oct).3)1a F} 
19) 8 Wuly 5:4) 0 6120 
2207 Heed LHS (1013 3; 
2510 Hee 28G ANA o] 
28}. 5 


This ratte) is near rc entich for editing 
common clocks and watches. It may be 
easily copied by the pen, and beng doubled, 
may’ be put into a il ie a 
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CHAP. XV. 


THE MOON’S SURFACE MOUNTAINOUS. «- -HER. PHASES 
DESCRIBED... -HER PATH, AND THE PATHS OF JUPI- 
-TER’S MOONS DELINEATED..--THE PROPORTIONS 
“OF THE, DIAMETERS OF THEIR ORBITS, AND THOSE 
OF SATURN’S MOONS, TOEACH OTHER ; AND TO THE 
DIAMETER OF THE SUN. NESS ts 


252. By looking at the Moon with an ordinary crap. 
telescope, we ‘perceive that her surface is diversi-. **". , 
fied with long tracts of prodigious high mountains p; .7.Vil. 
and deep cavities.. Some.of her mountains, by — 
comparing their height with her diameter (which TheMoon’s 
is 2180 miles), aré found to be three times higher 7°°° 
than the highest hills on our Earth.* This rug- ous. 
gedness of the Moon’s surface is. of great use to 
us, by reflecting the Sun’s light to all. sides ; 
for if the Moon were smooth and. polished like 
a looking-glass, or covered with water, she could 
never distribute the Sun’s light all around ; only 
in some positions she would shew us-his image, 
no bigger than a point, but with such a lustre as 
would be hurtful to our eyes. 

253. ‘Lhe Moon’s surface being so uneven, 
many haye wondered why her edge doesnot appear 


=_ 


* It appears from the observations of Schroeter, that 
the height of Leibnitz, one of the highest mountains in the 
Moon, does not exceed 24700 feet. » Chimboraco, the high- 
est mountain on our Earth, is fully 19200 feet; so that 
the highest lunar mountains are scarcely 14 times higher 
than the highest-on- our globe: See the supplementary 
ghapter on Selenography, vol. ii,—E-p. 
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HAR. jagged, as well as the curve bounding the light 

. "_,and dark places. . But if we consider, that what 

Whyno we call the edge of the Moon’s disc is not a 

cakerce Single line set round with mountains, in which 

case it would appear irregularly indented, but a 

large zone having many mountains lying behind 

one another from the observer’s eye, we shall 

find that the mountains in some rows will be 

opposite to the vales‘in“others ; and’ so fill up 

the inequalities as to. make her appear quite 

_ round : just as when one looks at an orange, al- 

though its roughness be very discernable on the 

side next the eye, especially if. the, Sun, or, a 

candle shines obliquely on that side, yet the line 

terminating the visible part still appears.smooth 
and even. RUAGOL * 3 Sc 

The Moc i 25a0 As the Sun can only enlighten. that half 

light, Of the Earth which is atany moment turned to- 

wards him, and being “withdrawn ' from* the op- 

posite half, leaves it in darkness ; so he likewise 

doth to the Moon: only’ with this’ difference, 

that the Earth, being surrounded by ‘an’ atmo- 

sphere, and the Moon having none,* we have 

twilight after the Sun ‘sets; but the lunar inba- 

bitants have an. immediate transition’ from the 

brightest sun-shine to the blackest darkness, § 

177. For, let tr. 4s w be the Earth, and 4, B,C, 

peacey D, E, F, G, H, the Moon in eight different parts 

~'® "of her orbit; as the Earth turns round its axis, 

from west to east, when any place comes to ¢ 

the twilight begins there, and when it revolves 

from thence to r, the Sun S§ rises; when the 

place comes to s the Sun sets, and when it comes 

to w the twilight ends... But as the Moon turns 

round her axis, which is only once:a month, the 

moment that any point of her surface comes to 

r (see the Moon at G), the Sun rises there with- 


P ee page 27, note 8. 
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out any previous warning by twilight ;* and cHap. 
when the same point comes to s the Sun sets, “ai 
and that point goes into darkness as black as at. 
midnight. , 

255. The Moon being an opaque spherical The moon's 
body (for her hills take off no more from her?" 
roundness than the inequalities on the surface of 
an orange take off from its roundness), we can 
only see that part of the enlightened half of her 
which is towards.the Earth.. And, therefore, | 
when the Moon is at 4, im conjunction with the 
Sun S, her dark half is towards :the Earth, and 
she disappears as at a, there being no light on— 
that half to render it visible. . When she comes 
to her first octant’ at B, or has: gone an eighth 
part of her orbit from her conjunction, a quarter 
of her enlightened side is) seen.towards. the 
Earth, and she appears horned, as at b... When 
_ she has gone quarter of her orbit from’ between 
the Earth and Sun to C, she shews us one half 
of her enlightened side, as at c, and we say she 
isa quarter old. At D she is in her: second 
octant, and by shewing us more of her enlight- 
ened sth she appears gibbous, as at d. At-E 


* If the Moon had a twilight, it is evident that the 
portions of the obscure part of her disc which is immediate- 
ly contigueus to the enlightened part, should be lighter 
than any other portion of the dark hemisphere ; and since 
the twilight is always greater at the poles than at the — 
equator, this faint light, bordering on the line which ter-. 
minates the visible hemisphere, should be more perceptible 
at the poles than at the equator. M. Schroeter. of the 
Royal Society of Gottingen, has actually discovered a 
faint border of grey light at the cusps of the Moon, and 
has thus proved the existence of a twilight, and conse- © 
quently of an atmosphere in the Moon. See the “Sup - 
plementary chapter on Selegography, atk oa ED. 


Fol. f. 
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pens her whole enlightened side is towards the Earth, 
Gn a therefore she appears round, as at e, when 
we say, it is full Moon. In her third octant at 
F, part of her dark side being towards the Earth, 
she again appears gibbous, and is on the de- 
crease, as at {2 At G we just see one half of 
her enlightened side, and she appears half de- 
creased, or in her third quarter, as at g. At H 
we only see a quarter of her enlightened side, 
being in her fourth octant, where she appears 
horned, as at h. And at 4, having completed her 
course from the Sun to the Sun again, she dis- 
appears; and we say it is new Moon. ‘Thus, in 
going from 4 to E, the Moon seems continual- 
ly to increase; and in going from £ to 4, to 
decrease in the same proportion ; having like 
phases at equal distances from 4 to £, but as 
seen from the Sun 8S, she is always full. 
Themoon’s 250. The Moon appears not perfectly round 
disc not al- ° 2 : 
ways quite When she is full in the highest or lowest part of 
str han her orbit, because we have not a full view of her 
enlightened side at that time. When full in the 
highest part of her orbit, a small deficiency ap- 
pears on her lower edge ; and the contrary when 
full in the lowest part of her orbit. 
The phases 257. It is plain by the figure, that when the 
of the Earth 
and Moon Moon changes to the Earth, the Earth appears 
fontrary. full to the Moon; and wice versa. For when 
the Moon is at 4, new to the Earth, the whole en- 
lightened side of the Earth is towards the Moon ; 
and when the Moon is at £, ful] to the Earth, — 
its dark side is towards her. Hence a new Moon- 
answers to a full Earth, and a full Moon toa 
new Earth. The quarters are also reversed to 
each other... : | ‘ 
Anagreee 958. Between the third quarter and change, 


able h jon 4 e e 8 . r 
menen, the Moon is frequently visible in the forenoon 
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even when the Sun shines; and then she affords CHAP. 
us an opportunity of seeing a very agreeable ap- 
pearance, wherever we find a globular. stone 
above the level of the eye, as suppose on the top 
of a gate. For, if the Sun shines on the stone, 
and we place ourselves so that the upper part of 
the stone may just seem to touch the point, of 
the Moon’s lowermost horn, we shall then see 
the enlightened part of the stone exactly of the 

same shape with the Moon, horned as she is, 

and inclined the same way to the horizon. The 

reason is plain; for the Sun enlightens the stone 

the same way as he does the Moon; and. both 

being globes, when we put ourselves into. the 

above situation, the Moon and. stone have the 

same position to our eyes; and, therefore, we 

must see as much of the illuminated part of the 

one as of the other. 

259. The position of the Moon’s cusps, or a The nons- 
right line touching the points of her horns, is “alte 
very differently inclined to the horizon at dif- what. 
‘ferent hours of the same days of her age. Some- 
times she stands, as it were, upright on her lower 
horn, and then such a line is perpendicular to 
the horizon ; when this happens, she is in what sa 
the astronomers call the Nonagesimal, Degree ; 
which is the highest point of the ecliptic above 
the horizon at that time, and is 90° from both 
sides of the horizon where it is then cut by the 
ecliptic. But this never happens when the Moon 
is on the meridian, except when she is at the 
very beginning of Cancer or Capricorn... 

200. ‘The inclination of that part of the ecliptic How theia- 
to the horizon in which the Moon is at any time i yp she 
when horned, may be known by the position of may be 
her horns; for a right line touching their points ce ne 
is perpendicular to the ecliptic. And as ‘the the Moon's 
angle which the Moon’s orbit makes with the" 

2 
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CHAP. ecliptic can never raise her above, nor depress 
tawny Her below the ecliptic, more than 2 minutes of 
| a degree, as seen from the Sun; it can have no 
sensible effect upon the position of her horns. 
Therefore, if a quadrant be held up, so that one 
of its edges may seem to touch the Moon’s horns, 
the graduated side being kept towards the eye, 
and as far from the eye as it can be conveniently 
held, the are between the plumb-line and that 
edge of the quadrant which seems to touch the 
Moon’s horns will shew the inclination of that 
part of the ecliptic to the horizon. And the arc 
between the other edge of the quadrant and 
Pratevi.plumb-line will shew the inclination of a line, 
touching the Moon’s horns, to the horizon. 
Fig t  _ 261. ‘The Moon generally appears as large as 
Moon ap- the Sun; for the angle v4.4, under which the 
pease ne Oe Moon is seen from the Earth, is the same with 
‘ ~ the angle £4 M, under which the Sun is seen 
from it. And therefore the Moon may hide the 
Sun’s whole disc from us, as she sometimes does 
in solar eclipses, The reason why she does not 
eclipse the Sun‘at every change, will be explain- 
ed afterwards. If the Moon were farther from 
the Earth, as at a, she would never hide the 
whole of the Sun from us; for then she would 
appear under the angle NO, eclipsing only 
that part of the Sun which lies between N and 
O: were she still further from the Earth, as at 
A, she would appear under the small angle 
Tk W, Vike a spot on the Sun, hiding only the 
part 7’ W from our sight. | 
A proof of - 262, That the Moon turns round her axis in 
be dene *the time that she goes round her orbit, is quite 
round her “demonstrable ; for a spectator at rest, without 
a the periphery of the Moon’s orbit, would see 


Of the Moon’s Phases. © 229 


all her sides turned regularly towards him in 
that time.. She turns round her axis from any 
star to the same star again in 27 days 8 hours; 
from the Sun to the Sun again in 29% days: the 
former is the length of her sydereal day, and the 
latter the length of her solar day. A body mov- 
ing round the Sun would have a solar day in 


CHAP: 
~KVs 


ee 


every revolution, without turning on its axis ;_ 


the same as if it had kept all the while at rest, 
and the Sun moved round it: but without turn- 
ing round its axis it could never have one syde« 
real day, because it would always keep the same 
side towards any given star. 

263. If the Earth had no annual motion, the 
Moon would go round it so as to complete a lu-, 
nation, a sydereal, and a solar day, all in the 
same time. But, because the Earth goes forward 
in its orbit, while the Moon goes round the 
Earth in her orbit, the Moon must go as much 
more than round her orbit. from change to 
change in completing a solar day, as the Earth 
has gone forward in its orbit during that anes 
Z. e. almost a twelfth part of a circle. 

264. The Moon’s periodical and synodical re re- 


volution, may be familiarly represented by the*s 


Her perk 
odical and 

synodical 

revolutions 


Familiarly 
represent= 


A table, 
shewing the 
times that 
the hour 
and minute 
hands of a 
watchare int 
conjunc. 
tion. 
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cHAP. motions of the hour and minute-hands of a watcli 
*V-_,round its dial plate, which is divided into 12 
equal parts or hours, as the ecliptic is divided in- 
to 12 signs, and the year into 12 months. Let 
us suppose these 12 hours to be 12 signs, the 
hour-hand the Sun, and the minute-hand the 
Moon, then the former will go round once in a 
year, and the latter once in a month: but the 
Moon, or minute-hand, must go more than 
round from any point of the circle where it was 
last conjoined with the Sun, or hour hand, to 
overtake it again: for, the hour-hand being in 
motion, can never be overtaken by the minute- 
hand at that point from which they started at 
their last conjunction. ‘The first column of the 
preceding table, shews the number of conjunc- 
tions which the hour and minute-hand make 
_whilst the hour-hand goes once round the dial- 
plate; and the other columns shew the times 
when the two hands meet at each conjunction. 
Thus, suppose the two hands to be in conjunc- 
tion at x11, as they always are; then, at the first 
following conjunction it is 5 minutes 277 seconds 
16 thirds 21 fourths 49+ fifths past 1, where 
they meet; at the second conjunction it is 10 
minutes 54 seconds 32 thirds 43 fourths 38. 
fifths past 113 and soon. ‘This, though an easy 
illustration of the motions of the Sun and Moon, 
is not precise as to the times of their conjunc- 
tions; because, while the Sun goes round the 
ecliptic, the Moon makes 12% conjunctions with 
him; but the minute-hand of a watch or clock 
makes only 11 conjunctions with the hour-hand 
in one period round the dial-plate. But if, in- 
stead of the common wheel-work at the back of 
the dial-plate, the axis of the minute-hand had a 
pinion of 6 leaves turning a wheel of 74, and this 
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last turning the hour-hand, in every revolution it CHAP. 
makes round the dial-plate, the minute-hand, *”* 
would make 12+ conjunctions with it, and so 

would be a pretty device for shewing the motions 

of the Sun and Moon; especially, as the slow- 

est moving hand might have a little sun fixed on 

its point, and the quickest a little moon. 


265. If the Earth had no annual motion, the Themoon’e 
Moon’s motion round the Earth, and her track “anes ; 
in open space, would be always the same.t But open space 
as the Earth and Moon move round the Sun, the *"** 
Moon’s real path in the heavens is very different 
from her visible path round the Earth: the lat- 
ter being in a progressive circle, and the former 
in a curve of different degrees of concavity, 
which would always be the same in the same parts 
of the heavens, if the Moon performed a com- 
plete number of lunations in a year without any 
fraction. Rhy bs 

266. Let a nail in the end of the axle of a4" idea of 

‘ 1 .,’«_. the Earth’s 
chariot-wheel represent the Earth, and a pin im path and. 
the nave the Moon; if the body of the chariot thsMoom's 
be propped up so as to keep that wheel from 
touching the ground, and the wheel be then 
turned round by hand, the pin will describe a 
circle both round the nail, and.in the space it 
moves through. But if the props be taken away, 
the horses put to, and the chariot driven over a 
piece of ground which is circularly convex, thé 
nail in the axle will describe a circular curve, 
and the pin in the nave will still describe a circle 


¥ In this place, we may consider the orbits of all the 
satellites as circular, with respect to their primary planets ; 
because the excentricities of their orbits are too small to 
affect the phenomena here described. : 


CHAP. 
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round the progressive nail in the axle, but not in 
the space through which it moves. In this case, 
the curve described by the nail will resemble in 
miniature as‘much of the Earth’s annual path | 


~ yound the Sun, as it describes whilst the Moon 


Prarevil. 
Fig. 2. 


goes as often round the Earth as the pin does 
round the nail: and the curve described by the 
nail, will have some resemblance of the Moon’s 
path during so many lunations.' 

Let us now suppose that the radius of the cir- 
cular curve described by the nail in the axle, is” 
to the radius of the circle, which the pin in the 
nave describes round the axle as 3372 to 1; 
which is the proportion of the radius or - semidi- 
ameter of the Earth’s orbit to that of the Moon’s ; 
or of the circular curve 741234567 B, &c. 
to the little circle a, and then, whilst the pro- 
gressive nail describes the said curve from 4 to 
f, the pin will go once round the nail with re- 
gard to the centre of its path, and in so doing, 
will describe the curve abcde. ‘The former 
will be a true representation of the Earth’s path 
for one lunation, and the latter of the Moon’s 
for that time. Here we may set aside the in- 
equalities of the Moon’s motion, and also the 
Earth’s moving round its common centre of 
gravity and the’ Moon’s: all which, if they were 
truly copied in this experiment, would not sensi- 
bly alter the figure of the paths described by the 
nail and pin, even though they should rub against . 
a plain upright surface all the way, and leave 
their tracks-visible upon it. And if the chariot. 
was driven forward on such a convex piece of 
ground, so as to turn the wheel several times 
round, the track of the pin in the nave would 
still be concave toward the centre of the circular 
curve described by the pin in the axle; as the 
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‘Moon’s path is always concave to the Sun in the CHAP. 
centre of the Earth’s annual orbit. Peiwh SB 
- this diagram, the thickest curve line ABC 
DE, with the numeral figures set to it, repre- 
sents as much of the Earth’s annual orbit as it 
describes in 32 days from west to east ; the little 
circles at a, b,c, d,e, shew the Moon’s orbit in 
due proportion to the Earth’s; and the smallest 
curve ab cd ef represents the line of the Moon’s 
path in the heavens for 32 days, accounted from 
any particular new moon at a. The machine, 
fig. 5, is for delineating the Moon’s path, and Fig. s. 
will be described, with the rest of my astrono- 
mical machinery, in the last chapter. The Sun 
is supposed to be in the centre of the curve 4 1 
234567 B, &c. and the small dotted circles 
upon it represent the Moon’s orbit, of which the Proportion 
radius is in the same proportion to the Earth’s?i‘".. ... 
path in this scheme, that the radius of the Moon’sbit to the 
orbit in the heavens bears to the radius of the=*"™'* 
Earth’s annual path round the Sun: that is, as 
240,000, to 81,000,000, or as 1 to 3372. 
When the Earth is at 4, the new moon is at 
a; andin the 7 days that the Earth describes 
the curve 1234567, the Moonin accompany- Fig. 2. 
ing the Earth describes the curve a 4; and is in 
her first quarter at 4 when the Earth is at B. 
As the Earth describes the curve B 8g 101112 
1314, the Moon describes the curve bc; and 
Isat c, opposite to the Sun, when the Earth is at 
C. Whilst the Earth describes the curve C15 
16 171819 20 21 22, the Moon describes the 
curve cd; and is in her third quarter at d when 
the Earth is at D. And lastly, whilst the Earth 
describes the curve D 23:'2425 26 27 28 29, the 
Moon describes the curve de; and is again in 
conjunction at e with the Sun when the Earth is 
at £, between the 29" and 30" day of the 
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SHAE. Moon’s age, accounted by the numeral figures 
‘_, from the new Moon at 4. In describing the 
curve abcde, the Moon goes round the pro- 
gressive Earth as really as if she had kept inthe 
doted circle 4, and the Earth continued im- 
rhe moon’s HOVeable in the centre of that circle. 
motion al- And thus we see, that although the Moon 
_Wayscon- goes round the Earth in a circle, with respect to 
wards the the Earth’s centre, her real path in the heavens 
an is not very different in appearance from the 
Earth’s path. To shew that the Moon’s path is 
concave to the Sun, even at the time of change, 
it is carried on a little farther into a second luna-. 
tion, as to ft 
267. The Moon’s absolute motion from her 
change to her first quarter, or from a to 4, is so 
much slower than the Earth’s, that she falls 
240,000 miles (equal to the semidiameter of her 
orbit) behind the Earth at her first quarter in 4, 
when the Earth is in B; that is, she falls back ~ 
a space equal to her distance from the Earth. 
From that time her motion is gradually accele- 
rated to her opposition or full at c, and then she 
How her is come up as far as the Earth, having regained 
alternately what she lost in her first quarter from a to 0. 
retatded “From the full to the last quarter at d her motion 
- continues accelerated, so as to be just as far before 
the Earth at d, as she was behind it at her first 
quarter in 4. But, from d to e her motion is so 
retarded, that she loses as much with respect to 
the Earth as is equal to her distance from it, 
or to the semidiameter of her orbit ; and by that 
means she comes to e, and is then in conjunction 
with the Sun as seen from the Earth at £. 
Hence we find, that the, Moon’s absolute motion 
is slower than the Earth’s from her third quar- 
ter to her first; and swifter than the Harth’s 
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from her first quarter to her third: her path be- CHA?. 
ing less curved than the Earth’s in the former 
case, and more in the latter. Yet it is still bent 

the same way towards the Sun; for if we imagine 

the concavity of the Earth’s orbit to be measur- 

ed by the length of a perpendicular line C g, let 

down from the Earth’s place upon the straight 

line 6 ¢ dat the full of the Moon, and connect- 

ing the places of the Earth at the end of the 
Moon’s first and third quarters, that length will 

be about 640,000 miles; and the Moon, when 

new, only approaching nearer to the Sun by 
240,000 miles than the Earth is, the length of 

the perpendicular let down from her place at that 

time upon the same straight line, and which 

shews the concavity of that part of her path, will 

be about 400,000 miles. 


268. ‘The Moon’s path beimg concave to the A difficulty 
Sun throughout, demonstrates that her gravity" 
towards the Sun, at her conjunction, exceeds her 
gravity towards the Earth. And if we consider, 
that the quantity of matter, in the Sun is almost 
230,000 times as great as the quantity of matter 
in the Earth, and that the attraction of each body 
diminishes as the square of the distance from it 
increases, we shall soon find, that the point of 
equal attraction between the Earth and the Sun, 
is about 70,000 miles nearer the Earth than the 
Moon is at her change. It may then appear 
surprising that the Moon does not abandon the 
Earth when she is between it and the Sun, be- 
cause she is considerably more attracted by the 
Sun than by the Earth at that time. But this 
difficulty vanishes when we consider, that a com- 
mon impulse on any system of bodies affects not 
their relative motions; but that they will con- 
tinue to attract, impel, or circulate round one 
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HAP. angther, in the same manner as if there was no 
"_, such impulse. ‘The Moon is so near the Earth, 
and both of them so far from the Sun, that the 
attractive power of the Sun may be considered 
as equal on both: and therefore the Moon will 
continue to circulate round the Earth in the same 
manner as if the Sun did not attract them at all: 
like bodies in the cabin of a ship, which may 
move round or impel one another in the same 
manner when the ship is under sail, as when it 
is at rest; because they are all equally affected 
by the common motion of the ship. If by any 
other cause, such as the near approach of a co- 
met, the Moon’s distance from the Earth should . 
happen to be so much increased, that the differ- 
ence of their gravitating forces towards the Sun 
should exceed that of the Moon towards the 
Earth ; in that case the Moon, when in conjunc- 
tion, would abandon the Earth, and be either 
drawn into the Sun, or comet, or circulate round 
about it. 


269. The curves which Jupiter’s satellites de- 

scribe, are all of different sorts from the path de- 

Pzatevit.scribed by our Moon, although these satellites 

"g-3- go round Jupiter, as the Moon goes round the 

Earth. Let ABCDE, &c. be as much of 

Jupiter’s orbit as he describes in 18 days from 4 

to T ; and the curves a, b, c, d, will be the paths 

of his four moons going round him in his pro- 
gressive motion. 


The absoe Let us suppose all these moons to set out 


f if 00 : 
cullen from a conjunction with the Sun, as seen from 


his satel- Jupiter at 2; then his first or nearest moon will 


lites deline- . ° : : 
ated. bE at a, his second at b, his third at c, and his 


fourth at d. At the end of 24 terrestrial hours 
after this conjunction, Jupiter has moved to B; 
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his first moon or satellite has described the curve 
@ 1, his'second the curve 6 1, his third c 1, and 
his fourth d 1.. The next day, when Jupiter is 
at C, his first satellite has described the curve 
a 2, from its conjunction, his second the curve 
b 2, his third the curve c 2, and his fourth the 
curve d2,and soon. The numeral figures un- 
der the capital letters, shew Jupiter’s place in his 
path every day for 18 days, accounted from 4 
to T’; and the like figures set to the paths of his 
satellites, shew where they are at the like times. 
The first satellite, almost under C, is stationary 
at ++ as seen from the Sun, and retrograde from 
+ to2: at 2 it appears stationary again, and 
thence it moves forward until it has passed 3, and 
is twice stationary, and once retrograde between 
3 and 4. The path of this satellite intersects it- 
self every 422 hours, making such loops as in 
the diagram at 2. 3. 5. ‘7. 9. 10, 12. 14. 16. 18, 
a little after every conjunction. ‘The second sa- 
tellite b, moving slower, barely crosses its path 
every 3 days 13 hours; as at’4. 7. 11. 14. 18, 
making only 5 loops and as many conjunctions 
in the time that the first makes ten. The third 
satellite c moving still slower, and having de- 
scribed the curve c 1. 2. 3. 4. 5. 6. '7, comes to 
an angle at 7 in conjunction with the Sun at the 
end of 7 days 4 hours; and so goes on to de- 
scribe such another curve 7. 8. 9. 10. 11. 12. 
13. 14, and is at 14 in its next conjunction. The 
fourth satellite d is always progressive, making 
neither loops nor angles in the heavens; but 
comes to its next conjunction at e, between the 
numeral figures 16 and 17, or in 16 days 18 
hours. In order to have a tolerable good figure 
of the paths of these satellites, I took the follow- 
ing method. | 

Having drawn their orbits on a card, in pro- 


CHAP. 


4 


arses pom? 


Fig. 3. 


Fig, 4. 
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CHAP: portion to their relative distances from Jupiter, 
(——— | measured the radius of the orbit of the fourth 
satellite, which was an inch and +. parts of an 


9) 


Bid ili inch ; [then multiplied this by 424 for the radius 
paths of Of Jupiter’s orbit, because Jupiter is 424 times 
Jupiter's as far from the Sun’s centre as his fourth satel- 
lite is from his centre; and the product thence 
arising was 483°. inches. Then taking a small 
cord of this length, and fixing one end of it to 
the floor of a long room by a hail, with a black- 
lead pencil at the other end, I drew the curve 
-4 BCD, &c. and set off a degree and half 
thereon, from 4 to T’; because Jupiter moves 
only so much, whilst his outermost satellite goes 
once round him, and somewhat more; so that 
this small portion of so large a circle differs but 
very little from a straight line. . This done, I di- 
vided the space 4 7 mto 18 equal parts, as 4B, 
BC, &c. for the daily progress of Jupiter ; and. 
each part into 24 for his hourly progress. The 
orbit of each satellite was also divided into as 
many equal parts as the satellite is hours in finish- 
ing its synodical period round Jupiter. Then 
drawing a right line through the centre of the 
card, as a diameter to all the four orbits upon it, 
I put the card upon the line of Jupiter’s motion, , 
and transferred it to every horary division there- 
on, keeping always the same diameter line on the 
line of Jupiter’s path ; and running a pin through 
each horary division in the orbit of each. satel- 
lite, as the card was gradually transferred along 
the line 4 BCD, &c. of Jupiter’s motion, I 
marked points for every hour through the card, 
for the curves described by the satellites, as the 
primary planet in the centre of the card was car- 
ried forward on the line; and so finished the 
figure, by drawing the lines of each satellite’s 


- 
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motion through those (almost innumerable) CHAP. 
points: by which means this is, perhaps, as true. nab 
a figure of the paths of these satellites as can be 
desired. And in the same manner might those ana $a- 
of Saturn’s satellites be delineated. .. purer 
. 270. It appears by the scheme, that the three The grand 

first satellites come almost into the same line of are 
position every seventh day ; the first being only moon. 
a little behind with the second, and the second 
behind with the third. But the period of the 
fourth satellite is so incommensurate to the pe- 
riods of the other three, that it cannot be guess- 
ed at by the diagram when it would fall again 
into a line of conjunction with them between Ju- 
piter and the Sun. And no wonder; for, sup- 
posing them all to have been once in conjunc- 
tion, it will require 3,087,043,493,260 years to 
bring them in conjunction again. See § 73. Fig. 3. 

271. In fig. 4, we have the proportions of The pro- 
the orbits of Saturn’s five satellites, and of Ju-Portonsot. 
piter’s four, to one another, to our Moon’s orbit, the planets 
and to the disc of the Sun. S'is"the Sun; M mires" 
the Moon’s orbit (the Earth supposed to be at 
£); J Jupiter; 1. 2. 3. 4. the orbits of his four 
moons or satellites; Sat. Saturn; and 1. 2. 3. 
4. 5. the orbits of his five moons. Hence it ap- 
pears, that the Sun would much more than fill 
the whole orbit of the Moon; for the Sun’s dia- 
meter is 763,000 miles, and the diameter of the 
Moon’s orbit only 480,000. In proportion to 
all these orbits of the satellites, the radius of Sa- 
turn’s annual orbit would be 214 yards, of Ju- 
-piter’s orbit 114, and of the Earth’s 24, taking 
them in round numbers. 

272. ‘The annexed table shews at once what 
proportion the orbits, revolutions, and velocities, 
pf all the satellites bear to those of their primary 


@tTaP, 
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planets, and what sort of curves the several satel- 
lites describe. For those satellites, whose ve- 
locities round their primaries are greater than the 


velocities of their primaries in open space, make 


loops at their conjunctions, § 269; appearing 
retrograde as seen from the Sun whilst they de- 
scribe the inferior parts of their orbits, and di- 
rect whilst they describe the superior. This is the 
case with Jupiter’s first and second satellites, and 
with Saturn’s first. But those satellites, whose 
velocities are less than the velocities of their pri- 
mary planets, move direct in their whole circum- 
volutions ; which is the case of the third and 
fourth satellites of Jupiter, and of the second, 
third, fourth, and fifth satellites of Saturn, as 
well as of our satellite the Moon: but the Moon 
is the only satellite whose motion is always con- 
cave to the Sun. There isa table of this sort in 


Proportion of the|Proportion of the[Proportion of the 
radius of the pla-itime of the pla- |velocity of each sa- 
a net’s orbit to theinet’srevolution tojtellite to the velo- 
® lradius of the orbit|the revolution of |locity of its primary 
of each satellite. jeach satellite. 


*$931] [2285 


planet. 


> "As 5322 to 1|As 5738 to 1/As 5738 to 5322] 
re 41551 3912. 1) 3012 4155 
#3 2954 1 2347, 1| 2347 2054 
34 aoa 674 1 674 1205 
" § A432 1 134 1 134 432} 
® As 1851 to 1jAs. 2445 to lj|As 2445 to 1851 
CRE 1165 1 1219 1} 1219 «©1165 
& 3 931" 4 604 1 604. 731 
eee A224 J 258 1 258 424 
hes As 337} to lAs 12} to 1|As_ 124 to 3373 


De la Caille’s Astronomy, but it is very different 
from the above, which I have computed from 
our English accounts of the periods and distances 
of these planets and satellites. 


CHAP, XVI. 


‘THE PHENOMENA OF THE HARVEST-MOON EXPLAIN- 
ED BY A COMMON GLOBE....THE YEARS IN 
WHICH THE HARVEST-MOONS ARE LEAST AND 
MOST BENEFICIAL FROM 1751, TO 1861....THE 
LONG DURATION OF MOON-LIGHT AT THE POLES 
IN WINTER. 


4 


273. Iv. is generally believed that the Moon CHAP. 
rises about 50 minutes later every day than on _**" 
the preceding ; but this is true oily with regard No harvest 
to places on the equator. In places of consider- moon atthe 
able latitude there is“a remarkable difference, 
especially in the harvest time, with which farmers 
were better acquainted than astronomers. till of 
late; and gratefully ascribed ‘the early rising of 
the full Moon at that time of the year to the good- 
ness of God, not doubting that he had ordered it 
so on purpose, to give them an immediate sup- 
ply of moon-light after sun-set, for their greater 
conveniency in reaping the fruits of the earth. 

In this instance of the harvest-moon, as in 
many others discoverable by astronomy, the 
wisdom and beneficence of the Deity is conspi- 
-cuous, who really ordered the course of the 
Moon so, as to bestow more or less light on all 
parts of the Earth, as their several circumstances 
e Vol, I. eRe 
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CHF and seasons render it more or less serviceable. 
"_, About the equator, where there is no variety of 
seasons, and the weather changes seldom, and 
at stated times, moon-light is not necessary for 
gathering in the produce of the ground; and 
there the moon rises about 50 minutes later every 
day or night than on the former. In consider- 
able distances from the equator, where the wea- 
ther and seasons are more uncertain, the autumn- 
al full moons rise very soon after sun-set for se- 
But re- veral evenings together. At the polar circles, 
odes where the mild season is of very short duration, 
pe he a the autumnal full moon rises at sun-set from the 
places fromfirst to the third quarter. And at the poles, 
at, where the Sun is for half a year absent, the win- 
ter full moons shine constantly without setting 
from the first to the third quarter. 
The reason Jt issoon said that all these phenomena are 
pif: owing to the different angles made by. the hori- 
zon and different parts of the Moon’s orbit; aad 
that the Moon can be full but once or twice in a 
year, in those parts of her orbit which rise with 
the least angles. But to explain this subject in- 
telligibly, we must dwell much longer upon it. 
274, The? plane of the equinoctial is perpen- 
dicular to the Earth’s axis: and therefore, as 
the Earth turns round its axis, all parts of the 
equinoctial make equal angles with the horizon 
both at rising and setting ; so that equal portions 
of it always rise or set in equal times. Conse- 
quently, if the Moon’s motion were equable, and 
in the equinoctial, at the rate of 12 degrees 11 
minutes from the Sun every day, as it is im her 
orbit, she would rise and set 50 minutes later 


ily ee globe be cut quite through upon any circle, the. 
yi ndlat surface where it is so divided, is the plane of that ucla 
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every day than on the preceding; for 12 degrees CHAP. 
11 minutes of the equinoctial rise or set in 50, **" | 
minutes of time in all latitudes. 

275. But the Moon’s motion is so nearly in the 
ecliptic, that we may consider her at present as 
moving in it. Now the different parts of the 
ecliptic, on account of its obliquity to the Earth’s 
axis, make very different angles with the horizon 
as they rise or set. ‘Those parts or signs which 
rise with the smallest angles set with the greatest, 
and vice versa. In equal times, whenever this 
angle is least, a greater portion of the. ecliptic 
rises than when the angle is larger; as may be 
_ seen by elevating the pole of a globe to any con- 

siderable latitude, and then turning it round its 
axis in the horizon. Consequently, when the 
Moon is in those signs which rise or set with 
the smallest angles, she rises or sets with the 
least difference of time; and with the greatest 
difference in those signs which rise or set with 
the greatest angles, ANG 

But, because all who read this treatise may Pears In. 
not be provided with globes, though in this case™® 3 
it is requisite to know how to use them, we shall 
substitute the figure of a globe ; in which FUP 

is the axis, 95 1’ the tropic of Cancer, Lt vy 
the tropic of Capricorn, 95 E U ys the ecliptic 
touching both the tropics, which are 47 degrees 
from each other, and 4 B the horizon. The 
- equator, being in the middle between the tropics, 
is cut by the ecliptic in two opposite points, which 
are the beginnings of V Aries and .2 Libra; K is 
the hour-circle with its index, F the north pole of 
the globe elevated to a considerable latitude, sup- 
pose 40 degrees above the horizon; and # the 
south pole depressed as much below it. Because of 
the oblique position of the sphere in this latitude, 
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The differ- 
ent angles 
made bythe 
ecliptic and 
horizon. 


Fig. 3. 


. Least and 
greatest, 
when, * 


Result of 
the quanti- 
ty of this 
angle at 
London, 


244 Of the Harvest Moon. 


the ecliptic has the high elevation N 95 above 


the horizon, making the angle N U a of 734:de- 
grees with it, when g5 Cancer is on the meridian, 
at which time 2 Libra rises in the east. But let 
the globe be turned half round its axis, till » 
Capricorn comes to the meridian, and Aries 
rises in the east, and then the ecliptic will have 
the low elevation N £ above the horizon, mak- 
ing only an angle NU LZ of 262 degrees with it ; 
which is 4°7 degrees less than the former angle, 
equal to the distance between the tropics. 

‘ 276. In northern latitudes, the smallest angle 
made by the ecliptic and horizon is when Aries 
rises, at which time Libra sets: the greatest 
when Libra rises, at which time Aries sets.. From 
the rising of Aries to the rising of Libra (which 
is twelve’ syderea] hours) the angle mcreases ; 
and from the rising of Libra to the rising of 
Aries it decreases in the same proportion. By 
this article and the preceding, it appears that the 
ecliptic rises fastest about Aries, and slowest 
about Libra. | | 

277. On the parallel of London, as much of - 
the ecliptic rises about Pisces and Aries in two 
hours as the Moon goes through in six days: 
and, therefore, whilst the Moon is in these signs, 
she differs but two hours in rising for six days 
together ; that is about 20 minutes later every 


* The ecliptic, together with the fixed stars, make 
366% apparent diurnal revolutions about the Earth in a 
year; the Sun only 3653. ‘Therefore the stars gain 3 
minutes 56 seconds upon the Sun every day; so thata 
sydereal day contains only 23 hours 56 minutes of mean 
solar time; and a natural or solar day 24 hours Hence 


- 12 sydereal hours are 1 minute 58 seconds shorter than 


42 solar. 
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day or night than on the preceding, at a mean 
rate. But in fourteen 
days afterwards, the 
Moon conies to Virgo 
and Libra, which are the 
opposite signs to Pisces 
and Aries; and then she 
differs almost four times 
as much in rising ; name- 
ly, 1 hour and about 15 
minutes later every day 
or night than the former, 
whilst she is in these 
signs. The annexed 
‘Fable shews the daily 
mean difference of the 
Moon’s rising and set- 
ting on the parallel of 
London, for 28 days; in 
which time the Moon 
finishes her period round 
the ecliptic, and gets 9°: 
into the same sign from 
the beginning of which 
she set out. So it ap- 
pears by the Fable, that ' 
when the Moon is in mp 
and .2 she rises an hour 
and a quarter later every 
day than she rose on the former; and differs 
only 28, 24, 20, 18 or 17, minutes in setting. 
But when she comes to « and y, she is only 
20 or 17 minutes later in setting. © 

278. All these things will be made plain by 
putting small patches on the ecliptic of a globe, 
as far from one another as the Moon moves from 
any point of the celestial ecliptic in 24 hours, 
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CHAP which, at a mean rate, is* 13; degrees; and then, 


Fig. 3. 


in turning the globe round, observe the rising and 
setting of the patches in the horizon, as the in- 
dex points out the different times in the hour 
circle. A few of these patches are represented 
by dots atO 12 3, &c. on the ecliptic, which 
has the position Z UZ when Aries rises in the 
east ; and by the dots 012 3, &c. when Libra 
rises in the east, at which time the ecliptic has 
the position E U vs : making an angle of 62 de- 
grees with the horizon in the latter case, and an 
angle of no more than 15 degrees with it in the 
former ; supposing the globe rectified to the lati- 
tude of London. ‘ 
279. Having rectified the globe, turn it until 
the patch at 0, about the beginning of \ Pisces 
in the half Z UJ of the ecliptic, comes to the 
eastern side of the horizon; and then, keeping 
the ball steady, set the hour-index to x11, because 
that hour may perhaps be more easily remember- 
ed than any other. Then turn the globe round 
westward, and in that time, suppose the patch O 
to have moved thence to 1, 133 degrees, whilst 
the Earth turns once round its axis, and you will 
see that 1 rises only about 20 minutes later than 


-O did on the day before. ‘Turn the globe round 


again, and in that time suppose the same patch 
to have moved from 1 to 2; and it will rise on- 
ly 20 minutes later by the hour-index, than it 
did at 1 on the day or turn before. At the end 
of the next turn, suppose the patch to have gone _ 


? The Sun advances almost a degree in the ecliptic in 
24 hours, the same way that the Moon moves ; and, there- 
fore, the Moon, by advancing 134 degrees in that time, 
goes little more than 12 degrees farther from the Sun than 
she was on the day before. 
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from 2 to 3 at U, and it will rise 20 minutes CHAP. 
later than it did at 2.. And so on for six turns, *Y% 
in which time there will scarce be two hours 
difference ; nor would there have been so much, 
if the 6 degrees of the Sun’s motion ifi that time 
had been allowed for. At the first turn the patch 
rises south of the east, at the middle turn due 
east, and at the last turn north of the east. But 
these patches will be g hours of setting on the 
western side of the horizon, which shews, that 
the Moon will be so much later of setting in 
that week in which she moves through these two 
signs. The cause of this difference is evident ; for 
Pisces and Aries make only an angle of 15 degrees 
with the horizon when they rise; but they make 
an angle of 62 degrees with it when they set. As 
the signs ‘Taurus, Gemini, Cancer, Leo, Virgo, and 
Libra, rise successively, the angle increases gra- 
dually which they make with the horizon, and 
decreases in the same proportion as they sets 
And for that reason, the Moon differs gradually 
more in the time of her rising every day whilst 
she is in these signs, and less in her setting : after 
which, through the other six signs, viz. Scorpio, 
Sagittary, Capricorn, Aquarius, Pisces, and 
Aries, the rising difference becomes less every 
day, until it be at the least of all, namely, in 
Pisces and Aries. 

280. The Moon goes round the ecliptic in 27 
days 8 hours; but not from change to change 
in less than 29 days 12 hours: so that she is in 
Pisces and Aries at least once in every lunation, 
and in some lunations twice. 

281. If the Earth had no annual motion, the Why the 
Sun would never appear to shift his place in the slwvaye fal 
ecliptic. And then every new Moon would fall in different 
in the same sign and degree of the ecliptic, and“* signs. 


\ 
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cHAP. every fullMoon in the opposite : for the Moon 
tx Would go precisely round the ecliptic from 
change to change. So that if the Moon was 
once fullin Pisces or Aries, she would always 
be full when she came round to the same sign 
and degree again. And as. the full Moon rises 
at sun-set (because when any point of the ecliptic 
sets, the opposite point rises), she would. constant- 
ly rise within two hours of sun-set, on the paral- 
lel of London, during the week in which she 
were full. But in the time that the Moon goes 
round the ecliptic from any conjunction or opposi- 
tion, the Earth goes almost a sign forward: and, 
therefore, the Sun will seem to go as far forward 
in that time, namely, 2774 degrees; so that the 
Moon must go 27+ degrees more than round, and 
as much farther as the Sun advances in that inter- 
val, whichis 2—*, degrees, before she can bein con- 
junction with, or opposite to the Sun again. Hence 
it is evident, that there can be but one conjunc- 
tion or opposition of the Sun and Moon ina 
Her period- vear, in any particular part of the ecliptic. This 
ical and sy- ae : 
nodical re- May be familiarly exemplified by the hour and 
pee oi minute hands of a watch, which are never in con- 
junction or opposition in that part of the dial- 
plate where they were so last before. And, in- 
deed, if we compare the 12 hours on the dial- 
plate to the 12 signs of the ecliptic, the hour- 
‘hand to the Sun, and the minute-hand to the 
Moon, we shall havea tolerably near resemblance 
in miniature to the motions of our great celestial 
luminaries. ‘The only difference is, that whilst 
the Sun goes once round the ecliptic, the Moon 
makes 124 conjunctions with him: but whilst 
the hour-hand goes round the dial-plate, the 
minute-hand makes only 11 conjunctions with it; 
because the migute-hand moves slower in respect 
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to the hour-hand than the Moon does with re- CHAP: 
gard to the Sun. ecient 

282. As the Moon can never be full but when Theharvest | 
she is opposite to the Sun, and the Sun is never*™¢ hun 
in Virgo and Libra, but in our autumnal. months, 
it is plain that the Moon is never full in the op- 
posite signs, Pisces and Aries, but in these two _ 
months. And, therefore, we can have only two 
full Moons in the year, which rise so near the 
time of sun-set for a week together, as above 
mentioned. The former of these is called the 
harvest moon, and the latter the hunter’s moon. 

283. Here it will probably be asked, why we Why the 
never observe this remarkable rising of the Moon age 
but in harvest, seeing she is in Pisces and Aartestenever pets 
12 times in the year besides ; and must then rise in harvest 

with as little difference of time as in harvest ? 
The answer is plain; for in winter these signs 
rise at noon; and being then only a quarter of 
a circle distant from the Sun, the Moon in them 
is in her first quarter: but when the Sun is 
above the horizon, the Moon’s rising is neither 
regarded nor perceived. In spring these signs 
rise with the Sun, because he is then in them ; 
-and asthe Moon changeth in them at that time 
of the year, she is quite invisible. In summer 
they rise about midnight, and the Sun being then 
three signs, or a quarter of a circle before them, 
the Moon is in them about her third quarter ; 
when rising so late, and giving but very little 
light, her rising passes unobserved. And, in 
autumn, these signs being opposite to the Sun, 
rise when he sets, with the Moon in opposition, 
or at the full, which makes her rising very con- 
spicuous. 


- 284. At the equator, the north and south 
poles lie in the horizon; and, therefore, the 
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€HAP. ecliptic makes the same angle southward with 
XVI ty 

the horizon when Aries rises,.as it does north- 
ward when Libra rises. Consequently, as the 
Moon at all the fore-mentioned patches rises and 
sets nearly at equal angles with the horizon all 
the year round, and about 50 minutes later every 
day or night than on the preceding, there can be 
no particular harvest moon at the equator. 

285. The farther that. any place is from the 
equator, if it be not beyond the polar circle, the 
angle gradually diminishes, which the ecliptic 
and horizon make when Pisces and Aries rise: 
and, therefore, when the Moon is in these signs #* 
she rises with a nearly proportionable difference 
later every day than on the former; and is for 
that reason the more remarkable about the full, 
until we come to the polar circles, or 66 degrees 
from the equator; in which latitude the ecliptic 
and horizon become coincident every day for a 
moment, at the same sydereal hour (or 3 minutes 
56 seconds sooner every day than the former), 
and the very next moment one half of the eclip-° 
tic, containing Capricorn, Aquarius, Pisces, Aries, 
Taurus, and Gemini, rises, and the opposite half 
sets. Therefore, whilst the Moon is going from 
the beginning of Capricorn to the beginning of 
Cancer, which is almost 14 days, she rises at the 
same sydereal hour; and in autumn just at sun- 
set, because all the half of the ecliptic, in which 
the sun is at that time, sets at the same sydereal 
hour, and the opposite half rises ; that is, 3 mi- 
nutes 56 seconds, of mean solar time, sooner 
every day than on the day before. So, whilst 
the Moon is going from Capricorn to Cancer, 
she rises earlier every day than on the preced- 
ing; contrary to what she does at all places be- 
tween the polar circles. But during the above 
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14 days, the Moon is 24sydereal hours later in set- CHAP. 
ting : for the six signs, which rise all at once on, *¥"* 
the eastern side of the horizon, are 24 hours in 
setting on the western side of it ; as any one may 
see by making chalk marks at the beginning of 
Capricorn and of Cancer, and then, having ele- 
vated the pole 66+ degrees, turn the globe slowly 
round its axis, and observe the rising and setting 
of the ecliptic. As the beginning of Aries is equal- 
ly distant from the beginning of Cancer and of 
Capricorn, it is in the middle of that half of the 
ecliptic which rises all at once. And when the 
Sun is at the beginning of Libra, he is in the 
middle of the other half. Therefore, when the 

- Sun is in Libra, and the Moon in Capricorn, the 
Moon is a quarter of a circle before the Sun ; 
opposite to him, and consequently full in Aries, 
and a quarter of a circle behind him, when in 
Cancer. But when Libra rises, Aries sets, and 
all that half of the ecliptic of which Aries is the 
middle; and, therefore, at that time of the year, 
the Moon rises at sun-set from her first to her 
third quarter. | 

286. In northern latitudes, the autumnal -full The har- 
moons are in Pisces and Aries; and the vernal ;oujar on 
full moons in Virgo and Libra: in southern la- bothsidesof 
titudes just the reverse, because the seasons are!" 
contrary. But Virgo and Libra rise at as small 
angles with the horizon in southern latitudes, as 
Pisces and Aries do in the northern ; and, there- 
fore, the harvest moons are just as regular on 
-one side ofthe equator as on the other. 

287. As these signs which rise with the least 
angles, set with the greatest, the vernal full 
moons differ as much in their times of rising 
every night, as the autumnal full moons differ 
in their times of setting, and set with as little 


. 
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CHAP. difference as the autumnal full moons rise: the 


“ema poner 


one being in all cases the reverse of the other. 
288. Hitherto, for the sake of plainness, we 
have supposed the Moon to move in the ecliptic, 
from which the Sun never deviates. But the 
orbit in which the Moon really moves is different . 
from the ecliptic; one half being elevated 5+ de- 
grees above it, and the other half as much depress- 
ed below it. ‘The Moon’s orbit, therefore, inter- 
sects the ecliptic in two points diametrically op- 
posite to each other; and these intersections are 


‘The Moon’s Called the Afoon’s nodes. So the Moon can never 


modes. 


be in the ecliptic but when she is in either of her 
nodes, which is at least twice in every course 
from change to change, and sometimes thrice. 


_ For, as the Moon goes almost a whole sign more 


than round her orbit from change to change ; if 
she passes by either node about the time of 
change, she will pass by the other in about 14 
days after, and come round to the former node 
2, days again before the next change. That node 
from which the Moon begins to ascend north- 
ward, or above the ecliptic, in northern latitudes, 
is called the Ascending node, and the other the 
Descending node, because the Moon, when she 
passes by it, descends below the ecliptic south- 
ward. | 
289. The Moon’s oblique motion with regard 
to the ecliptic, catises some difference in the 
times of her rising and setting, from what is al- 
ready mentioned. For when she is northward 
of the ecliptic, she rises sooner and sets later 
than if she moved in the ecliptic: and when she 
is southward of the ecliptic, she rises later and 
sets sooner. ‘This difference is variable, even in 
the same signs, because the nodes shift backward 
about 193 degrees in the ecliptic every year ; 


& 
¢ 
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and so go round it contrary to the order of signs CHAP. 
in 18 years 225 days. Bicidiy 

290. When the ascending node is in Aries, 
the southern half of the Moon’s orbit makes an 
angle of 5; degrees less with the horizon than 
the ecliptic does, when Aries rises in northern la- 
titudes: for which reason, the Moon rises with 
less difference of time whilst she is in Pisces and 
Aries, than she would do if she kept in the eclip- 
tic. But in 9 years and 112 days afterward, the 
descending node comes to Aries; and then the 
Moon’s orbit makes an angle 54 degrees greater 
with the horizon when Aries rises, than the eclip- 
tic does at that time, which causes the Moon te 
rise with greater difference of time in Pisces and 
Aries, than if she moved in the ecliptic. 

291. Tobe a little more particular; when the 
ascending node is in Aries, the angle is only 92 de- 
-grees on the parallel of London when Aries rises. 
But when the descending node comes to Aries, the 
angle is 20+ degrees: this occasigns as great a dif- 
ference of the Moon’s rising in the same signs: 
every 9 years, as there would be on two parallels 
103 degrees from one another, if the Moon’s 
course were in the ecliptic. The following table 
shews how much the obliquity of the Moon’s orbit 
affects her rising and setting on the parallel’ of 
London, from the 12" to the 18” day of her 
age, supposing her to be full at the autumnal 
equinox: and then, either in the ascending node, 
highest part of her orbit, descending node, or 
lowest part of her orbit. VW signifies morning, 
4 afternoon; and the line at the foot of the 
table shews a week’s difference in rising and set- 
ting. 
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= |Full im her as-|In the highest|Full in her de- 

S cending node. |partof herorbit./scending node. |partof herorbit. 

# isesat|Sets at\Risesat Sets at|Risesat|Sets at Risesat|Sets at 

2 M.|H. i M.H.  M.jH. 
| ————_— —___ —___ 

12 | 5415 3M 20) 44 30, 3M15| 44 32 

13}5 324 25) 4 50) 4 45) 5 

1415 48] 5 30) 5 15,6 O85 

15,6 5 T O 5 42 7 20) 6 

16 |6 20|8 15) 6 : 8 35) 6 

17 | 6 36 9 ‘12 6 26,9. 45) 7 

18 | 6 8 


5410 80) 010 40 


(ees Gee | ees GIES Aen | RE ee 


Dif.! 13 9] 7 10/2 30,7 25|3 2816 402 36,7 


This table was not computed, but only esti- 
mated as near as could be done from a common 
globe, on which the Moon’s orbit was delineated 
with a black-lead pencil. It may at first sight ap- 
pear erroneous ; since, as we have supposed the 
Moon to be full in either node at the autumnal 
equinox, she ought by the table to rise just at 6 
o’clock, or at sun-set, on the 15" day of her age; 
being in the ecliptic at that time. But it must 
be considered, that the Moon is only 143 days 
old when she is full; and, therefore, in both 
cases she is a little past the node on the 15 day, 
being above it at one time, and below it at the 
other. ) 

292. As there is a complete revolution of the 
nodes in 184 years, there must be a regular pe- 
riod of all the varieties which can happen in the 
rising and setting of the Moon during that time. 


The period But this shifting of the nodes never affects the 


ef the har- 


West MOOR. 


Moon’s rising so much, even in her quickest de- 
scending latitude, as not to allow us still the be- 
nefit of her rising nearer the time of sun-set, for 
a few days together about the full m harvest, 
than when she is full at any other time of the 
year. The following table shews in what years 


Of the Harvest Moon. - 255 


the harvest-moons are least beneficial as to the crap. 
times of their rising, and in what years most, *V! 
from 1751 to 1861. ‘The column of years un- 
‘der the letter Z, are those in which the harvest- 
moons are least of all beneficial, because they 
fall about the descending node: and those under 
Mare the most of all beneficial, because they 
fall about the ascending node. In all the columns 
from NV to §, the harvest-moons descend gradu- 
ally in the lunar orbit, and rise to less heights 
above the horizon.. From S to NV they ascend 
in the same proportion, and rise to greater heights 
above the horizon. In both the columns under 
S, the harvest moons are in the lowest part of 
the Moon’s orbit, that is, farthest south of the 
ecliptic ; and, therefore, stay shortest of all above 
the horizon: in the columns under WN just the 
reverse. And in both cases, their rising, though 
not at the same times, are nearly the same with 
regard to difference of time, as if the Moon’s 
orbit were coincident with the ecliptic. 


‘Years in which the Harvest Moons are least beneficial, 


N L S 

1751 1752 1753 1754 1755 1756 1757 1758 1759 
1770 LTT) 1772 1773 1TT4 1779 1776 177 1178 

1788 1789 1790 1791 1792 1793 17194 1795 1796 1797 
1807 1808 1809 1810 1811 1812 1813 1814 1815 
1826 1827 1828 1829 1830 1831 1832 1833 1834 
1844 1845 1846 1847 1848 1849 1850 1851 1852 


Years in which they are most beneficial. 


M N 
1761 1762 1763 1764 1765 1766 1767 1768 
1780 1781 1782 1783 1784 1785 1786 1787 
1799 18C0 1801 1802 1803 1804 1805 1806 
1817 1818 1819 1820 1821 1822 1823 1824 
1836 1837 1838 1839 1840 1841 1842 1843 
S 1854 1855 1856 1857 1858 1859 1860 1861 
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cur. ~ 293, At the polar circles, when the Sun 

__,touches the summer tropic, he continues 24 

hours above'the horizon ; and 24 hours below 

it when he touches the winter tropic. For the 

same reason, the full moon neither rises in sum- 

mer, nor sets in winter, considering her as mov- 

ing in the ecliptic. For the winter full moon 

being as high in the ecliptic as the summer sun, 

must therefore continue as long above the hori- 

. zon; and the summer full moon being as low in 

the ecliptic as the winter sun, can no more rise 

than he does. But these are only the two full 

moons which happen about the tropics, for all 

the others rise and set. In summer the full 

moons are low, and their stay is short above the 

horizon, when the nights are short, and we have 

least occasion for moon-light; in winter they 

go high, and stay long above the horizon, when 

the nights are long, and we want the greatest 
quantity of moon-light. ‘ 

‘fhe long = 294, At the poles one half of the ecliptic ne- 

seek of “Wo NEE sets, and the other half never rises: and, 

moon-light therefore, as the Sun is always half a year in de- 
at the poles. wuts ak. ‘i 

scribing one half of the ecliptic, and as long in 

going through the other half, it is natural to ima- 

gine that the Sun continues half a year together 

above the horizon of each pole 'in its turn, and 

as long below it ; rising to one pole when he sets 

to the other. ‘This would be exactly the case. if 

there were no refraction: but by the atmosphere’s 

refracting the Sun’s rays, he becomes visible 

some days sooner, § 183, and continues some 

days longer in sight than he would otherwise do: 

so that he appears above the horizon of either pole 

before he has got below the horizon of the other. 

And, as he never goes more than 23; degrees 

below the horizon of the poles, they have very 
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little dark night, it being twilight there, as well cHAs. 
‘as at all other places, till the Sun be 18° below 
the horizon, § 177... The full moon being al- - 
ways opposite to the Sun, can never be seen 
while the Sun is above the horizon, except when 
the Moon falls in the northern half of her orbit ; 
for, whenever any point of the ecliptic rises, the 
opposite point sets. Therefore, as the Sun is 
above the horizon of the north pole. from) the ~ 
20° of March till the 234 of September, it is 
plain that the Moon, when full, being opposite 
_ tothe Sun, must be below) the horizon, during 
that half of the year.. But when the Sun) isin 
the southern half of the ecliptic, he never rises to 
the north pole, durmg which half of the year, 
every full moon happens in some’ part of the 
northern half of the ecliptic; which never. sets. 
Consequently, as the polar inhabitants never see 
the full moon in summer, they have her always 
in the winter, before, at, and after the full, shin- 
ing for 14 of our days and: nights. »And, when 
_ the Sun is at his greatest depression below the 
horizon, being then in Capricorn, the’ Moon is 
at her first quarter in Aries, full in Cancer, and 
at her third quarter in Libra. And:as the be- 
ginning of Aries is the rising point of the ecliptic, 
Cancer the highest, and Libra the setting point, 
the Moon rises at her first quarter in Aries, is 
most elevated above the horizon, and) full in 
‘Cancer, and sets at the beginning of Libra in her 
third quarter, having continued visible for 14 
diurnal rotations of the Earth. Thus the poles 
are supplied one half of the winter-time with con- 
stant moon-light in the Sun’s absence; and only 
lose sight of the Moon from her third to her first 
quarter, while she gives but very little light ; and 
could be but.of little, and sometimes of no sery-: 
Vol. 1. ue 5 : 
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nN vice to them. A bare view of the figure will 


make this plain ; ; in which let § be the Sun, e 


Prate the Earth in summer, when its north pole n in- 


VIII. 
Fig. 5. 


\ 


clines toward the Sun, and # the Earth in win- — 
ter, when its north pole declines from him. 
SENand NWS is the horizon of the north 
pole, which is coincident with the equator ; and 
in both these positions of the Earth, Y 3 o w 
is the Moon’s orbit, in which she goes round the 
Earth, according to the order of the letters abc 
d, 4 BCD. When the Moon is at a, she is in 
her third quarter to the Earth at e, and just ris- 
ing to the north pole n; at 6 she changes, and 


- jg at the greatest height above the ‘horizon, as 


the Sun likewise is; at c she is in her first quar- 
ter, setting below the horizon; and is lowest of 
all under it at d, when opposite to the Sun, and 
her enlightened side toward the Earth. But then 
she is full in view to the south pole » ; which is 
as much turned from the Sun as the north pole: 
inclines towards him. Thus, in our summer, 
the Moon is above the horizon of the north pole, 
whilst she describes the northern half of the 
ecliptic 1 95 0, or from her third quarter to 
her first ; and below the horizon during her pro- 
gress through the southern half .. v V; high- 
est at the change, most depressed at the full. 
But in winter, when the Earth is at £, and its 
north pole declines from the Sun, the new moon 
at D is at her greatest depression below the hori- 
zon N/VS, and the full moon at B at her great- 
est height above it ; ; rising at her first quarter 4, 
and keeping above the horizon till she comes to 
her third quarter C. At a mean state she is 23+ 
degrees above the horizon at B and 4, and as 
much below it at D.and d, equal to the inclination 
of the Earth’s axis £. 95 or S vp are, as it were, 
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aray of light proceeding from the Sun to the cH ch 
Earth ; and shews that when the Earth is at e, 
the Sun is above the horizon, vertical to the tro- 

pic of Cancer; and when the Earth is at /, he 

is below the horizon, vertical to the tropic of 
Capricorn. 


CHAP. XVII. 


Of THE EBBING AND FLOWING OF THE SEA. 


CHAP. \.995,\ CT: cause of the Ake was discovered by 
"_, Keplery who, in his Jntroduction ie, the Physics 
The cause of the Heavens, thus explains It : * The orb of 
en the attracting power, which is in bY oon, is ex- 
byKerrer.tended as far as the Earth; and draws the wa- 
ters under the torrid zone, acting upon places 
where it is vertical, insensibly on confined seas 
and bays, but sensibly on the ocean, whose beds 
are large, and the waters have the HOES, of re- 
ciprocation, that is, of rismg and falling.’’) And, 
in the 70" page of his Lunar Pe eo ale But 
the cause of the tides of the sea, appears to be 
the bodies of the Sun and Moon drawing the 
waters of the sea.’ This hint being given, the 
Their the immortal (Sir Isaac Newton improved it, Jand 
hoe wrote so amply on the subject, as to make the 
Newre mh theory of the tides in a manner quite his own, 
(by discovering the cause of their rising on the 
side of the Earth opposite to the Moon.) For 
Kepler believed, that the presence of the Moon 
occasioned an impulse which caused another in 

her absence. ’ 
Explainet 296. It has been ES shewn, § 106, that 


on the 


Newtonian the power of gravity diminishes as the square of 


principles. 
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the distance increases; and, therefore, the wa- care 
ters at Z on the side of the Earth d BCD E Pal 
_ GH next the Moon M are more attracted than Prarr ix. 
- the central parts of the Earth O by the Moon, and Fig. :. 
the central parts are more attracted by her than 
the waters on the opposite side of the Earth at 
nm; and, therefore, the distance between the 
Earth’s centre and the waters on its surface un- 
der and opposite. to the Moon. will be increased. 
For, let there be three bodies at H, O, and D; 
if they are all equally attracted by the body M, 
they will all move equally fast. toward it, their 
mutual distances from each other continuing the 
same. If the attraction of M 1 is unequal, then 
that body which is most strongly attracted will 
move fastest, and. this will increase its distance 
from the other body, ‘Therefore, by the law of 
‘gravitation, JM will attract H more strongly than 
it does O, by, which the distance between # and 
O will be increased ; and a spectator on O will 
perceive H rising higher toward Z. In like man- 
ner, O being more strongly attracted than JD, it 
will move farther towards M than .D does: con- 
sequently, the distance between O and D will be 
increased ; and a spectator on O, not perceiving 
his own motion, will see D receding farther from 
him towards 2; all effects and appearances be- 
ing the same, whether D recedes from O, or O 
from D. | 

297. Suppose now thereisa ee of Dedies, 
as 4, B,C, D, E, F, G, H, placed round O, so 
as to form a flexible or fluid rng: then, as the 
whole is attracted towards JM, the parts at H and 
D will have their distance from O increased ; 
whilst the parts at B and F, being nearly at the 
same distance from M as 0 is, these parts will 
not recede from one another ; but rather, by the 


: R 3 
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cHap. oblique attraction of M, they will approach near- 


XVil. 


er to QO. Hence, the fluid ring will form itself _ 
into an ellipse Z/5 Ln K F NZ, whose longer 
axis n OZ produced will pass through MM, and 
its shorter axis B O F will terminate in B and F. 
Let the ring be filled with fluid particles, so as to 
form a sphere round O ; then, as the whole moves 
toward MM, the fluid sphere being lengthened at 
Zand n, will assume an oblong or oval form. 
If Mis the Moon, O the Earth’s centre, 4 BC 
DE FG H the sea covering the Earth’s surface, 
it is evident, by the above reasoning, that whilst 
the Earth, by its gravity, falls toward the Moon, 
the water directly below her at B will swell and 
rise gradually towards her: also the water at D 


_ will recede from the centre (strictly speaking, 


the centre recedes from D), and rise on the op- 
posite side of the Earth: whilst the water at B 
and F'is depressed, and falls below the former 
level. Hence, as the Earth turns round its axis 
from the Moon to the Moon again in 245 hours, — 
there will be two tides of flood, and two of ebb 
in that time, as we find by experience. | 

298. As this explanation of the ebbing and 
flowing of the sea, is deduced from the Earth’s 
constantly falling toward the Moon by the power 
of gravity, some may find a difficulty in conceiv- 
ing how this is possible, when the Moon is full, 
or in opposition to the Sun; since the Earth re- 
volves about the Sun, and must continually fall 
towards it, and therefore cannot fall contrary 
ways at the same time: or, if the Earth is con- 
stantly falling towards the Moon, they must come 
together at last. ‘To remove this difficulty, let it 


- be considered, that it is not the centre of the 


Earth that describes the annual orbit round the 
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Sun, but the? common centre of gravity of the crap. 
Earth and Moon together: and that whilst the  *¥"" 
Earth is moving round the Sun, it also describes 
a circle round that centre of gravity; going as 
many times round it in-one revolution about the 
Sun as there are lunations or courses of the Moon 
round the Earth ina year: and, therefore, the 
Earth is constantly falling towards the Moon, 
froma tangent to the circle it describes round 
the said common centre of gravity. Let M be gig. z. 
the Moon, 7’ W part of the Moon’s orbit, and 
C' the centre of gravity of the Earth and Moon : 
whilst the Moon goes round her orbit, the centre 
of the Earth describes the circle d g e round C, 
to which circle ¢ a é isa tangent: and, there- 
fore, when the Moon has gone from A/to a little 
past #7’, the Earth has moved from g to e, and 
m that tame has fallen towards the Moon, from 
the tangent at a to e, and so on, round the whole 
circle. | 

299. The Sun’s influence in“raising the tides 
is but small in comparison of the Moon’s: for, 
though the Earth’s diameter bears a considerable 
proportion to its distance from the Moon, it is 
next to nothing when compared to its distance 
from the Sun. And, therefore, the difference 
of the Sun’s attraction on the sides of the Earth 


* This centre is as much nearer the Earth’s centre than 
the Moon’s, as the Earth is heavier, or contains a greater 
quantity of matter than the Moon, namely, about 40 times. 
If both bodies were suspended on it, they would hang in — 
equilibrio. So that dividing 240,000 miles, the Moon’s 
distance from the Earth’s centre, by 40, the excess of the 
Earth’s weight above the Moon’s, the quotient will be 
6000 miles, which is the distance of the common centre 
of gravity of the Earth and Moon from the Earth’s centre, 


* 
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cHap. under.and opposite. to him, is much less than the 

XVI. difference of the Moon’s attraction on the sides 
of the Earth under and opposite to her: and, 
therefore, the Moon must raise the tides much 
higher than they can be raised by the Sun. 


Why the 300. On this theory, so far as we have ex- 
fh highes Plained it, the tides ought to be highest direct- 
when the ly under and opposite to the Moon; that is, 
Moon is 0" hen the Moon is due north and south. But 
dian. we find, that in open seas, where the water flows 
freely, the Moon M is generally past the north 

and south meridian, as at p, when it is high-water: 
Pratetx.at Z and at ». The reason is obvious; for, 
es though the Moon’s attraction was to cease’alto- 
gether when she was past the meridian, yet the 
motion of ascent communicated to the water be- 
fore that time, would make it continue to rise for 
some time after; much more must it do so when 
the attraction is only dimmished : as a little im- 
pulse given to a moving ball will cause it still to 
move farther than otherwise it could have done: 

~ And as experience shews, that the day is hotter 
about three in the afternoon, than when the Sun 
is on the meridian, because of the increase made 
_ to the heat already imparted. 
Nor always 301. The tides answer not always to the same 
anwert0 distance of the Moon from the meridian at the © 


her b ing at 


thesamedis- Same places; but are variously affected by the 
wane ee aatiomof ithe Sun, which brings them on sooner 
when the Moon isin her first and third quarters, 
_and keeps them back later when she is in her se- 
-cond and fourth: because, in the one case, 
the tide raised by the Sun alone, would be earlier 
than the tide raised by the Moon, and in the 
other case later. 
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$02; Thé Moon goes round the Earth in an cHa?. 
elliptic orbit, and, therefore, in every lunar. sail 
month, she approaches nearer to the Earth than 
her mean distance, and recedes farther from it. 
When she is nearest, she attracts strongest, and “pring and 
so raises the tides most; the contrary happens ““? "“* 
when she is farthest, because of her weaker at- 
traction. When both luminaries are in the equa- 
tor, and the Moon zm Perigeo, or at her least 
distance from the Earth, she raises the tides high- 
est of all, especially at her conjunction and op- 
position, both because the equatoreal parts have 
the greatest centrifugal force, from their describ- 
ing the largest circle, and from the concurring 
actions of the Sun and Moon. At the change, 
the attractive forces Sf the Sun and Moon being 
united, they diminish the gravity of the waters 
under the Moon, and their gravity on the op- 
posite side is diminished by means of a greater 
centrifugal force. At the full, whilst the Moon 
raises the tide under :and opposite to her, the 
Sun acting in the same-line, raises the tide under _ 
_ and opposite to him; whence their coxjoint ef- 
fect is the same as at the change, and in both 
cases, occasion what we call the spring tides: Prare Ix. 
but at the quarters the Sun’s action on the wa-!'8° 
ters at O and A, diminishes the effect of the 
Moon’s action on the waters at Z and N; so that 
they rise a little under and opposite to the Sun 
at UO and H, and fall as much under and opposite 
to the Moon at Zand NV, making what we call 
the neap tides, because the Sun and Moon then 
act cross-wise to each other. But, strictly speak- 
ing, these tides happen not till some time after ; 
Heescinaés | in this, as in other cases, § 300, the ac- 
tions do not produce the greatest effeet_ when 
they are at the strongest, but some time afterward. 


~ 
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eHaP 303, The Sun being nearer the Earth in win- 
xVI- ter than in summer, § 205, is of course nearer 
Not great- tO It in February and October, than in March 
niet iia and September ; and, therefore, the greatest tides 
aidwhy. happen not till some time after the autumnal 
equinox, and return a little before the vernal. 
| Thetides © The sea being thus put in motion, would con- 
| would not tinue to ebb and flow for several times, even 
_ dy cease up-though the Sun and Moon were annihilated, or 
er their influence should cease: as if a bason of wa- 
_ the Sun andter were agitated, the water would continue to 
mee move for some time after the bason was left to 
stand still. Or like a pendulum, which, having 
been put in motion by the hand, continues to 
make several vibrations without any new im- 
pulse. — 
jae whet, , 304. When the Moon is in the equator, the 
The tides tides are equally high in both parts of the lunar 
qualheighe G@Y, OF time of the Moon’s revolving from the 
in the same meridian to the meridian again, which is 24 hours 
why. Ominutes. But as the moon declines from the 
equator towards either pole, the tides are alter- 
nately higher and lower at places having north 
or south latitude. For one of the highest eleva- 
tions, which is that under the Moon, follows her 
towards the pole to which she is nearest, and the 
other declines towards the opposite pole; each 
elevation describing parallels as far distant from 
the equator, on opposite sides, as the Moon de- 
clines from it to either side; and, consequently, 
the parallels described by these elevations of the 
water are twice as many degrees from one an- 
other, as the Moon is from the equator ; increas- 
ing their distance'as the Moon increases her de- 
clination, till it be at the greatest, when the said 
parallels are, at a mean state, 47 degrees from one 
another: and, on that day, the tides are most un- 
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equal in their heights. As the Moon returns CHAP. 
toward the equator, the parallels described by ihe 
- the opposite elevations approach towards each 

other, until the Moon comes to the equator, and 

then they coincide. As the Moon declines to- 

ward the opposite pole, at equal distances, each 
elevation describes the same paraliel in the other 

part of the lunar day, which its opposite eleva- 

tion described before. Whilst the. Moon has 

north declination, the greatest tides in the north- 

ern hemisphere, are when she is above the hori- 

zon; and the reverse whilst her declination is 
south. Let NE SQ be the Earth, NCS its Prater, 
axis, E Q the equator, 7’ 3 the tropic of Can- "8 345 
cer, ¢ vs the tropic of Capricorn, a4 the arctic 
circle, ¢ d the antarctic, JV the north pole, S the 

south pole, (7 the Moon, fF’ and G the two emi- 
nencies of water, whose lowest parts are at a and 

d (Fig. 3), at N and §:(¥ig. 4), and at 4 and c 

(Fig. 5), always 90° from the highest. Now, 

when the Moon is in her greatest north declina- ; 
tion at MM, the highest elevation G under her, is Fig. 3, 
on the tropic of Cancer, 7’ 95, and the opposite 
elevation Fon the tropic of Capricorn ¢ vp ; and 

these two elevations describe the tropics by the 
Earth’s diurnal rotation. All places in the north- 

ern hemisphere & NV Q have the highest tides 

when they come into the position l 3 Q, under 

the Moon, and the lowest tides when the Earth’s 
diurnal rotation carries them into the position 

aT’ #, onthe side opposite to the Moon; the 

- reverse happens at the same time in the southern 
hemisphere £ S Q, as is evident to sight. The 

axis of the tides aC d, has now its poles a and d 
(being always 90° from the highest elevations) 

in the arctic and antarctic circles; and, therefore, 

it is plain, that at these circles there is but one 
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cHaP’ tide of flood, and one of ebb, in the lunar day. 
For, when the point a revolves half round to b, 
in 12 lunar hours, it has a tide of flood; bist 
when it comes to the same point @ again in 12 
Fig-4. hours more, it has the lowest ebb. Im 7 days 
afterward, the Moon M comes to the equinoctial 

circle, andi is over the equator & Q, when both 
elevations describe the equator; and in both 
hemispheres, at equal distances from the equa- 

tor, the tides are equally high in both parts of 

Fig.5. the lunar day. The whole phenomena being 
~ reversed, when the Moon has south declination, 

to what they were when her declination was 

north, require no farther description. 

305. In the three last-mentioned figures, the 

Farth is orthographically projected on the plane 

of the meridian ; but in order to describe a par- 

ticular phenomenon, we now project it on the 

Fig.6. plane of the ecliptic. Let HZOWN be the Earth 
and Sea, FAD the equator, 7 the tropic of 
Cancer, C the arctic circle, P the north pole, 

and the curves 1, 2, 3, &c. 24 meridians, or 
hour-circles, intersecting each other in the poles ; 
AGM is the Moon’s orbit, S the Sun, the 
When both Moon, Z the water elertiad under the Moon, 
Beaty and .V the opposite equal elevation. As the 
high in the lowest parts of the water are always 90° from 
they scree pigpeat, when the Moon is in either of the 
at unequa’. tropics (as at M/) the elevation Z is on the tro- 
time; and pic of Capricorn, and the opposite elevation N 
vice-versa’ on the tropic of Cancer, the low-water circle 
HCO touches the polar circles at C; and the 
high-water circle £ ‘TP 6 goes over the poles at 

P, and divides every parallel of latitude mto two 

equal segments. In this case the tides upon every 

parallel are alternately higher and lower, but 

they return in equal times: the point 7’, for 
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example, on the tropic of Cancer (where the CHAP 
depth of the tide is represented by the breadth _*¥*" 
of the dark shade), has a shallower tide of flood at 
T,, than when it revolves half round from thence 
to 6, according to the order of the numeral figures; 
but it revolves as soon from 6 to 7; asit did 
from T'to 6. When the Moon is in the equi- 
noctial, the elevations Z and NV are transferred 
to the equator at O and H, and the high and 
low-water circles are got into each other’s for- 
mer places ; in which case the tides return in 
unequal times, but are equally high in parts of 
the lunar day ; for a place at 1 (under D) re- 
volving as formerly, goes sooner from 1 to 11 
(under £") than from 11 to 1, because the paral- 
lel it describes is cut into unequal segments by 
the high-water circle HCO: but the points 1 and 
11 being equidistant from the pole of the. tides 
at C, which is directly under the pole of the 
Moon’s orbit 7G A, the elevations are equally 
high in both parts e the day. 


306. And thus it appears, that as the. tides 
are governed by the Moon, they must turn on 
the axis of the Moon’s orbit, whichis inclined 23+ 
degrees to the Earth’s axis at a mean state; and, 
therefore, the poles of the tides: must be so many 
degrees from the poles of the Earth, or in op- 
posite points of the polar circles, going round 
_ these circles in every lunar day. It is true, that 
according to Fig. 4, when the Moon is vertical Fig. 4. 
to the equator £ CG Q, the poles of the tides seem 
to fallin with che poles of the world N and S$; 
but when we consider that /G His under the 
Moon’s orbit, it will appear that when the Moon 
is over H,in the tropic of Capricorn, the north 
pole of the tides (which.can be no more than go° 
from under the Moon) must be at Cin the are- 
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CHAP. 
XVII. 


‘To know at 
what times 
we may e€x- 


greatestand 
least tides, 


tic circle, not at P, the north pole of the Earth s 
and as the Moon ascends from H to G in her 
orbit, the north pole of the tides must shift from 
e to a in the arctic circle, and the south pole as 
much in the antarctic. 

It is not to be doubted, but that the Earth’s 
quick rotation brings the poles of the tides near- 
er to the poles of the world, than they would be 
if the Earth were at rest, and the Moon revolved 
about it only once a month; for, otherwise, the 
tides would be more unequal in their heights, 
and times of their returns, than we find they are. 
But how near the Earth’s rotation may bring the 
poles of its axis and those of the tides together, 
or how far the preceding tides may affect those 
which follow, so as to make them keep up near- 
ly to the same heights, and times of ebbing and 
flowing, isa problem more fit to be solved by 
observation than by theory. | 


307. Those who have opportunity to make 
observations, and choose to satisfy themselves 
whether the tides are really affected in the above 
manner by the different positions of the Moon, 
especially as to the unequal times of their returns, 
may take this general rule for knowing when 
they ought to be so affected. When the Earth’s 
axis inclines to the Moon, the northern tides, if » 
not retarded in their passage through shoals and 
channels, nor affected by the winds, ought to be 
greatest when the Moon is above the horizon, 
least when she is below it; and quite the reverse 
when the Earth’s axis declines from her; but in 
both cases at equal intervals of time. When the 
Farth’s axis inclines sidewise to the Moon, both 
tides are equally high, but they happen at un- 
equal intervals of time. In every lunation the 

Jarth’s axis inclines once to the Moon, once from 
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her, and twice sidewise to her, as it does to the 
Sun every year; because the Moon goes round 
the ecliptic every month, and the Sun but once 
ina year. In summer, the Earth’s axis inclines 
towards the Moon when new ; and, therefore, 
the day-tides in the north ought to be highest, 
and night-tides lowest about the change: at the 
full the reverse. At the quarters they ought to 
be equally high, but unequal in their returns ; 
_ because the Earth’s axis then inclines sidewise 
to the Moon. In winter the phenomena are 
the same at full moon as in summer at new. In 
autumn, the Earth’s axis inclines. sidewise to the 
Moon when new and full; therefore the tides 
ought to be equally high and unequal in their 
returns at these times. At the first quarter the 
tides of flood should be least when the Moon is 
above the horizon, greatest when she is below it, 
and the reverse at her third quarter. In spring, 
the phenomena of the first quarter, answer to 
those of the third quarter in autumn, and vice 
versa. ‘The nearer any time is to either of these 
seasons, the more the tides partake of the phe- 
nomena of these seasons; and in the middle be- 
tween any two of them, the tides are at a mean 
state between those of both. 

308. In open seas, the tides rise but to very 
small heights in proportion to what they do in 
wide-mouthed rivers, opening in the direction of 
the stream of tide. For,.in channels growing 
narrower gradually, the water is accumulated by 
the opposition of the contracting bank. Like a 
gentle wind, little felt on an open plain, but 
strong and brisk in a street; especially if the 
wider end of the street be next the plain, and in 
the way of the wind. 


CHAP; 
XVII. 


Why the 
tides rise 
higher in- 


rivers thar 


in the sea. 
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cHaP. . 309. The tides are so retarded in their passage 

XVI. through different shoals and channels, and other- 

_ Thetides Wise so variously affected by striking. against 

bappen at capes and headlands, that to different places they 

oftheMoon happen at all distances of the Moon from the 

from the meridian ; consequently at all hours of the lunar 

different day. ‘The tide propagated by the Moon in the 

Listy and German ocean, when she is three hours past the 

meridian, takes 12 hours to come from thence to 

London bridge, where it afrives by the time that 

a new tide is raised in the ocean.. And, there- 

fore, when the Moon has north declination, and 

we should expect the tide at London to be great- 

est when the Moon is above the horizon, we find 

it is least, and the contrary when she has south 

declination. At several places it is high-water 

3 hours hefore the Moon comes to the meridian ; 

. but that tide which the Moon pushes, as it were, 

__ before her, is only the tide opposite to that which 

“was raised by her when she was 9 hours past the 

opposite meridian. - 

The water 310. There are no tides in lakes, because they 

in lakes, are generally so’ small, that when the Moon is 

vertical she attracts every part of them alike; and, 

therefore, by rendering all the water equally 

light, no part of it can be raised higher than an- 

other. ‘The Mediterranean and Baltic seas have 

very small elevations, because the inlets by which 

they communicate with the ocean are so narrow, 

that they cannot, in so short a time, receive or 

discharge enough to raise or sink their surfaces 
sensibly. * Q 


3 


* Tt can easily be demonstrated, that the height of the: 
tides in small seas isto their height in the main ocean, as 
the extent of the small sea from east to west, is to the ra- 
dius of the Marth. ‘This gives only a tide 14 inches pee 

or: 
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$11. Air being lighter than water, and the CHAP. 
surface of the atmosphere being nearer to the, 7" 
Moon than the surface of the sea, it cannot be The moon 
- doubted that the Moon raises much higher tides '3's*s tides 
in the air than in the sea. And, therefore, many 
have wondered why the mercury does not sink 
in the barometer, when the Moon’s action on the 
particles of air makes them lighter as she passes Why the 
over the meridian. . But we must consider, that Peyu"y ™ 
as these particles are rendered lighter, a greater meter isnot 
number of them is accumulated, ‘until the defi- 74 }Y 
ciency of gravity be made up by the height of tides. 
the column, and then there is an equilibrium, ~~ 
and, consequently, an equal pressure upon the 
_ mercury as before ; so that it cannot be affected 


by the aerial tides.* 


for the Caspian sea. M. D‘Anges observed, that, the 
tides at Toulon on the Mediterranean rose to the height 
of a foot about 34 hours after the Moon 6 pp the meri- — 
. dian.—Ep. 

_ ¥ The existence of aerial: ms has ikcu “8 GON very 
probable by the observations of Professor Toaldo of Pa- 
dua. In aregister of the barometer, kept for thirty years, 
he added together all the heights of the mercury when the 
- Moon was in syzigy, when she was in quadrature, and 
when she was in the apogeal and perigeal points of her) or- 
bit. The apogeal exceeded the perigeal heights. by,14 
inches, and the heights in syzigy exceeded those in qua- 
drature by.11 inches. The difference in these heights i is 
sufficiently great to shew that the air is accumulated and 
compressed by the attraction of the Moon.—Eb. 


CHAP. XVIII. | 


6F ECLIPSES....THEIR NUMBER AND PERIODS 
..s:A LARGE CATALOGUE OF ANCIENT AND MO: 
DERN ECLIPSES. 


cHaP. 312, Every planet and satellite is illuminated 
hoe by the Sun, and casts a shadow towards that 
A shadow, point of the heavens which is opposite to the Sun, 
what. ‘This shadow is nothing but a privation of light 
in the space hid from the Sun, by the opaque 

body that intercepts his rays. 3 : 
Eclipsesof 313. When the Sun’s light is so intercepted 
Reon" *"* by the Moon, that to any place of the Earth the 
what. Sun appears partly or wholly covered, he is said 
to undergo an eclipse, though properly speaking 

it is only an eclipse of that part of the Earth 

where the Moon’s shadow or penumbra’ falls. 

When the Earth comes between the Sun and 

Moon, the Moon falls into the Earth’s shadow ; 

and, having no light of her own, she suffers a 


* The penumbra is a faint kind of shadow all around | 
the perfect shadow of the planet or satellite, and will be 
more fully explained by and by. 


oe 
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real eclipse from the interception of the Sun’s CHAP. 
rays.. When the Sun is eclipsed to us, the arnt 
Moon’s inhabitants on the side next the Earth 
(if any such there be) see her shadow like a dark 
spot travelling over the Earth, about twice as fast 
as its equatorial parts move, and the same way 
as they move. When the Moon isin an eclipse, 
the Sun appears eclipsed to her, total to all those 
parts on which the Earth’s shadow falls, and of 
as long continuance as they are in the shadow. 

314. That the Earth is spherical (for the hills Aproofthat 
take off no more from the roundness of the Earth, "947". 
than grains of dust do from the roundness of a areglobular 

° : -, bodies, 
common globe), is evident from the figure of its 
shadow on the Moon; which is always bounded 
by a circular line, although the Earth is incessant- 
ly turning its different sides to the Moon, and 
very seldom shews the same side to her in differ- 
ent eclipses, because they seldom happen at the 
same hours. Were the Earth shaped like a round 
flat plate, its shadow would only be circular when 
either of its sides directly faced the Moon; and 
more or less elliptical as the Earth happened to 
be turned more or less obliquely towards the 
Moon when she is eclipsed. ‘The Moon’s dif- 
ferent phases prove her to be round, § 254; for, 
as she keeps still the same side towards the 
Earth, if that side were flat, as it appears to be, 
she would never be visible from the third quar- 
ter to the first ; and from the first quarter to the 
third, she would appear as round as when we say 
she is full: because at the end of her first quarter, 
the Sun’s light would come as suddenly on all 
her side next the Earth, as it does on a flat wall, 
and go off as abruptly at the end of her third 
quarter, 

S. 2 
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CHAP. $15. Ifthe Earth and Sun were equally big, 
xvi, the Earth’s shadow would be infinitely extended, 
Andthat and all of the same bulk; and the planet Mars, | 
the Sun is in either of its nodes, and opposite to the Sun, 


much big- a i 
gerthanthe would be eclipsed in the Earth’s shadow. Were 


Fart and che Hatth bigger than the Sun, its shadow would 
much less, Increase in bulk the farther it extended, and 
would eclipse the great planets Jupiter and Saturn, 
with all their moons, when they were opposite to 
the Sun. But as Mars, in opposition, never falls 
into the Earth’s shadow, although he is not then — 
above 42,000,000 of miles from the Earth, it is 
plain that the “Ear th-is much less than the Sun ; : 
for, otherwise, its shadow could not end in a 
point at so small a distance. If the Sun and 
Moon were equally big, the Moon’s shadow 
would go on to the Earth with an equal breadth, 
and cover a portion of the Earth’s surface more 
than 2000 miles broad, even if it fell directly 
against the Earth’s centre, as seen from the 
Moon; and much more if it fell obliquely on 
the Earth: but the Moon’s shadow is seldom 
150 miles broad at the Earth, unless when it falls 
very obliquely on the Earth, in total eclipses of 
the Sun. In annular eclipses, the Moon’s real 
shadow ends in a point at some distance from the 
~ Earth. The Moon’s small distance from the 
Earth, and the shortness of her shadow, prove 
her to be less than the Sun. And as the Earth’s 
shadowis large enough to cover the Moon, if her 
diameter were 3 times as large as it is (which is 
evident from her long continuance in the shadow 
when she goes through its centre), it is plain, that 
the Earth is much bigger than the Moon. - 
The pri- 816. Though all opaque bodies on which the 
Seah Eig Sun shines have their shadows, yet such is the 
eclipse one bulk of the Sun, and the distances of the planets, 


oe 
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that the primary planets can never eclipse one cHAP. 
another. A primary can eclipse only its second- *V!- 
“ary, or be eclipsed by it; and never but when in 
opposition or conjunction with the Sun. ‘The 
primary planets are very seldom in these positions, 
but the Sun and Moon are so every month: 
whence one may imagine that these two lumi- 
naries should be eclipsed every month. But there 
are few eclipses in respect of the number of new 
and full moons; the reason of which we shall 
now explain. 3 

317. If the Moon’s orbit were coincident with why there 
the plane of the ecliptic, in which the Earth al. i a 
ways moves, and the Sun appears to move, the 
Moon’s shadow would fall upon the Earth at 
every change, and eclipse the Sun to some parts 
of the Earth. In like manner the Moon would 
go through the middle of the Earth’s shadow, 
and be eclipsed at every full; but with this dif- 
ference, that she would be totally darkened for 
above an hour and a half; whereas the Sun ne- 
ver was above four minutes totally eclipsed by the 
interposition of the Moon. But one half of the ppentoon’s 
Moon’s orbit is elevated 54 degrees above the nodes. 
ecliptic, and the other half as much depressed be- 
low it: consequently the Moon’s orbit intersects 
the ecliptic in two opposite points, called the 
Moon’s Nodes, as has been already taken notice of, 
§ 288. When these points are ina right line with 
the centre of the Sun at new or full moon, the 
Sun, Moon, and Earth are all in aright line; and 
if the Moon be then new, her shadow falls upon 
the Earth; if full, the Earth’s shadow falls upon 
her. When the Sun and Moon are more than 17 
degrees from either of the nodes at the time of j imits of 
conjunction, the Moon is then generally too high eclipses. 
oer too low in her orbit, to cast any part of her 

93 | 
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shadow upon the Earth. And when the Sun is 
more than 12 degrees from either of the nodes at 
the time of full moon, the Moon ts generally too 
high or too low in her orbit to go through any 
part of the Earth’s shadow: and in both these 
cases there will be no eclipse. But when the Moon 
is less than 17 degrees from either node at the time 
of conjunction, her shadow or penumbra falls 
more or less upon the Earth, as she is more or 
less within this limit.” And when she ts less than 
12 degrees from either node at the time of opposi- 
tion, she goes through a greater or less portion of 
the Earth’s shadow as she is more or less within 
this limit. Her orbit contains 360 degrees, of which 
17, the limit of solar eclipses on either side of the 
nodes, and 12, the limit of lunar eclipses, are but 
small portions: and as the Sun commonly passes 
by the nodes but twice in a year, it is no wonder 
that we have so many new and full moons with- 
out eclipses. 

To illustrate this let 4 BCD be the ecliptic, 
RST Ua circle lying in the same plane with the 
ecliptic, and V WX Ythe Moon’s orbit, all 
thrown into an oblique view, which gives them 
an elliptical shape to the eye. One half of the 
Moon’s orbit, as V WX, is always below the 
ecliptic, and the other half X ¥V above it. The 
points ¥ and X, where the Moon’s orbit inter- 
sects the circle RST'U, which lies even with the 
ecliptic, are the Mocen’s nodes ; and a right line, 


* This admits of some variation ; for, in apogeal eclipses, 
the solar limit is but 164 degrees; and in perigeal eclipses 
it is 18;. When the full moon is in her apogee, she will 
be eclipsed if she be within 104 degrees of the node; and 
when she is full in her perigee, she will be eclipsed if she 
be within 12%, degrees of the node. | 
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as XEV, drawn, from one to the other, through CHAP. 
the Earth’s centre, is called the Line of the. i 
Nodes, which is carried almost parallel to itself :ine of the 
round the Sun in a year. nodes. 

If the Moon moved round the Earth in the 
orbit R § T U, which is coincident with the plane 
of the ecliptic, her shadow would fall upon the 
Earth every time she is in conjunction with the 
Sun, and at every opposition she would go 
through the Earth’s shadow. Were this the 
case, the Sun would be eclipsed at every change, 
and the Moon at every full, as already mention- 
ed. 

But although the Moon’s shadow N must fall 
upon the Earth at a, when the Earthis at £, and 
the Moon in conjunction with the Sun at 2, be- 
cause she is then very near one of her nodes; and 
at her.opposition n she must go through the 
Ejarth’s shadow J, because she is then near the 
other node; yet, in the time that she goes round 
the Earth to her next change, according to the 
order of the letters XYYVW, the Earth advances 
from £ to e, according to the order of the let- 
ters LE FG H, and the line of the nodes VE X 
being carried nearly parallel tovitself, brings the 
point f of the Moon’s orbit in conjunction with 
the Sun at that next change, and then the Moon 
being at f, is too high above the ecliptic to cast 
her shadow on the Earth; and as the Earth is 
~ still moving forward, the Moon, at her next op- 
position will be at g, too far below the ecliptic to 
go through any part of the Earth’s shadow; for 
by that time the point g will be at a considerable 
distance from the Earth as seen from the Sun. 

When the Earth comes to F, the Moonincon- ' 
junction with the Sun Z is not at 4, in a plane co- 
incident with the ecliptic, but above it at Yin the 
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highest part of her orbit: and then the point b of 
her shadow O goes far above the Earth (as in 


“—~ Fig. 2, which is an edge view of Fig. 1). The 


Fig. I, 2 


Moon at her next opposition is not at o (Fig. 1), 
but at 4’, where the Earth’s shadow goes far 
above her (as in Fig. If). In both these cases 
the line of the nodes V FX (Fig. 1) is about 90 
degrees from the Sun, and both luminaries are 
as far as possible from the limits of eclipses. 
When the Earth has gone half round the 
ecliptic from E to G, the line of the nodes VGX 
is nearly, if not exactly, directed towards the 
Sun at Zs and then the new moon / casts her 
shadow P on the Earth G; and the full moon 
p goes through the Earth’s shadow Z ; which 


brings on eclipses again, as when the Earth was 


PLATE X. 
TheMoon’s 
ascending . 
& descend- 
ing node. 


at £. 

~ ‘When the Earth comes to H, the new moon 
falls not at m in a plane coincident with the 
ecliptic C D, but at ¥’in her orbit below it : and 
then her shadow Q (see Fig. 2) goes far below 
the Earth. At the next fullshe is not at g (Fig. 
1), but at Y in her orbit 5+ degrees above q, and 
at her greatest height above the ecliptic CD; 


being then as far as possible, at any opposition, ° 


from the Earth’s shadow M (as in Fig. 2). 
So, when the Earth is at & and G, the Moon 


is about her nodes at new and full; and in her — 


greatest north and south declination (or latitude, 
as it is generally called) from the ecliptic at her 
quarters: but when the Earth is at F’ or H, the 
Moon is in her greatest north and south declina- 
tion from the ecliptic at new and full, and in the 
nodes about her quarters. 

~ 318. The point X where the Moon’s orbit 
crosses the ecliptic is called the Ascending node, 
because the Moon ascends from it above the 
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ecliptic: and the opposite point of intersection CHAP. 
Vis called the Descending node, because the, a 
Moon descends from it below the ecliptic. When 
the Moon is at Y in the highest pomt of her or- Her north 
bit, she is in her greatest north latitude ; and jn¢ south 
when she is at /V in the lowest point of her or- 
bit, she is in her greatest sewth latitude. 

319. If the line of the nodes, like the Earth’s The nodes 
axis, was carried parallel to itself round the Suny 
there would be just half a year between the con- mosion. 
junctions of the Sun and nodes. But the nodes 
shift backward, or contrary to the Earth’s annual 
motion, 19+ degrees every year ; and, therefore, Fig: 1 
the same node comes round to the Sun 19 days 
sooner every year than on the year before. Con- 
sequently, from the time that the ascendigg 
node X (when the Earth is at £) passes by the 
Sun as seen from the Earth, it is only 173 days 
(not halfa year) till the descending node V’ passes 
by him. Therefore, in whatever time of the which 
year we have eclipses of the luminaries about ei- rings on 
ther node, we may be sure that in 178 days afters sooner 
wards we shall have eclipses about the other CL eg 
node. And when at any time of the year the would be if 
line of the nodes is in the situation V GX, at the jos "°c 
same time next year it will be in the situation such a mo- 
7Gs ; the ascending node having gone backward, “°™ 
that is, contrary to the order of signs, from 
tos, and the descending node from V to r, each 
19% degrees. At this rate the nodes shift through 
all the signs and degrees of the ecliptic in 18 years 
and 225 days; in which time there would always 
be a regular period. of eclipses, if any complete 
number of lunations were finished without a 
fraction. But this never happens; for if both 
the Sun and Moon should start from a line of 


- gonjunction with either of the nodes in any point - 
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of the ecliptic, the Sun would perform 18 ans 
nual revolutions and 222° over and above, and 
the Moon 230 lunations, and 85 degrees of the 
231°", by the time the node came round to the | 
same point of the ecliptic again: so that the Sun 
would then be 1368 degrees from the node, and 
the Moon 85 degrees from the Sun. 

320. But, in 223 mean lunations, after the 
Sun, Moon, and nodes, have been once ina line 
of conjunction, they return so nearly to the same 
state again, as that the same node, which was in 
conjunction with the Sun and Moon at the be-_ 
ginning of the first of these lunations, will be 
within 28’ 12” of a degree of a line of conjunc- 
tion with the Sun and Moon again, when the last 

these lunations is completed. And, therefore, 
in that time there will be a regular period of 
eclipses, or return of the same eclipse for many 
ages.—In this period (which was first discovered 
by the Chaldeans) there are 18 Julian years 11 
days 7 hours 43 minutes 20 seconds, when the 
last day of February in leap-years is four times 
included ; but when it is five times included, the 
period consists of only 18 years 10 days 7 hours 
43 minutes 20 seconds.? Consequently, if to 
the mean time of any eclipse, either of the Sun 
or Moon, you add 18 Julian years 11 days 7 
hours 43 minutes 20 seconds, when the last day 
of February in leap-years comes in four times, 
or aday less when it comes in five times, you" 


3. By computing this period from the new solar tables 
of De Lambre, founded on Dr. Maskelyne’s observations, 
and from the tables of Mayer as improved by Mason, it 
will amount only to 18 years 11 days 7 hours 42 minutes 
31 seconds, and the Sun’s distance from the Moon’s node 
will be 29’ 10”.—Ep. 
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will have the mean time of the return of the same cHap. 
eclipse. | ee” 

But the falling back of the line of conjunctions, iit 
or oppositions of the Sun and Moon 28’ 12” with 
respect to the line of the nodes in every period, 
_will wear it out in process of time; and after 
that it will not return again in less than 12,492 
years.—These eclipses of the Sun, which hap- 
pen about the ascending node, and begin to come 
in at the north pole of the Earth, will go a little 
_ southerly at each return, till they go quite off the 
Earth at the south pole; and those which hap- 
pen about the descending node, and begin to 
come in at the south pole of the Earth, will go a 
little northerly at each return, till at last they 
quite ieave the Earth at the north pole. 

To exemplify this matter, we shall first con- 
sider the Sun’s eclipse, March 21° oid stile 
(April 1** new stile) a. Db. 1764, according to 
its mean revolutions, without equating the times, 
_or the Sun’s distance from the node, and then 
according to its true equated times. 

This eclipse fell in the open space at each re- 
turn, quite clear of the Earth, ever since the 
creation till a. p. 1295, June 13” old stile, at 
12 hours 52 minutes 59 seconds post meridiem, 
when the Moon’s shadow first touched the Earth 
at the north pole, the Sun being then 17° 48’ 27” 
from the ascending node.—In each period since 
that time, the Sun has come 28’ 12/” nearer and 
nearer the same node, and the Moon’s shadow 
has therefore gone more and more southerly.—. 
In the year 1962, July 18" old stile, at 10 
hours 36 minutes 21 seconds p. m. when the 
same eclipse will have returned 38 times, the 
Sun will be only 24’ 45” from the ascending 
mode, and the centre of the Moon’s shadow 
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CHAP. will fall a little northward of the Earth’s centre. —~« 
XVII, , 

; , At the end of the next following period, a. ps 
1980, July 28" old stile, at 18 hours 19 mi- 
nutes 41 seconds p. m. the Sun will have rez 
‘ceded back 3’ 27” from the ascending node, 
and. the Moon will have a very small degree 
of southern latitude, which will cause the cen- 
tre of her shadow to pass a very small matter 
south of the Earth’s centre.—After which, in 
every following period, the Sun will be 28’ 12” 
farther back from the ascending node than in 
the period last before ; and the Moon’s shadow 
will go still farther and farther southward, until © 
September 12" old stile, at 23 hours 46 minutes 
22 seconds p. m. A. D. 2665; when the eclipse 
will have completed its 77" periodical return, 
and will go quite off the Earth at the south 
pole (the Sun being then 17° 55’ 22” back 
from the node) and it cannot come in at the 
north pole, so as to begin the same course 
over again, in less than 12,492 years afterward. 
And such will be the case of every other eclipse 

of the Sun: for as there is about 18 degrees 
on each side of the node within which there is a 
possibility of eclipses, their whole revolution 
goes through 36 degrees about that node, which, 
taken from 360 degrees, leaves remaining 324 
degrees for the eclipses to travel in expansum. 
And as this 36 degrees is not gone through in 
less than 77 periods, which takes up 1388 years, 
the remaining 324 degrees cannot be so gone 
through in less than 12,492 years.’ For, as 
36 is to 1388, so is 324 to 12,492. 
$21. In order to shew both the mean and true | 
times of the returns of this eclipse, through all 
its periods, together with the mean anomalies of 
the Sun and Moon, at each return, and the mean 
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and true distances of the Sun from the Moon’s 
ascending node, and the Moon’s true latitude at 
the true time of each new moon, I have calculat- 
ed the following tables for the sake of those who 
may choose to project this eclipse at any of its 
returns, according to the rules laid down in the 
15% chapter, and have thereby taken by much 
the greatest part of the trouble off their hands. 
All the times are according to the old stile, for 
the sake of a regularity which, with respect to 
the nominal days of the Ae, does not take 
place in the new: but by adding the days dif- 
ference of stile, they are reduced to the times 
which agree with the new stile. 

According to the mean (or supposed equable) 
motions of the Sun, Moon, and nodes, the Moon’s 
shadow in this eclipse would Have first touched 
the Earth at the north pole, on the 13" of June 
A. D. 1295, at 12 hours 52 minutes 59 seconds 
past noon on the meridian of London, and would 
quite leave the Earth at the south pole, on the 12" 
of September, a. D. 2665, at 23 hours 46 mi- 
nutes 22 seconds past noon, at the completion 
of its 77™ period, as shewn by the first and se- 
cond tables. 

But, on account of the true (or heels) 
‘motions of the Sun, Moon, and nodes, the first 
coming-in of this eclipse, at the north pole of the 
Earth was on the 24'* of June, a. p. 1313, at 
3 hours 57 minutes 3 seconds past noon; and 
it will finally leave the Earth at the south pole 
on the 31*° of July a. p. 2593, at 10 hours 
25 minutes 31 seconds past noon at the com- 
pletion of its 72° period,.as shewn by the third 
and fourth tables. So that the true motions do 
not only alter the true times from the mean, 


but they also cut off five periods from those of 


the mean returns of this eclipse. 
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Taste I. The mean Time of New Moon, with the mean Anomalies of the 
Sun and Moon, and the Sun’s mean Distance from the Moon’s Ascending 
Node, at the mean Time of each periodical Return of the Sun’s Eclipse, 
March 21, 1164, from its first coming upon the Earth since the Creation, 
till té falls right against the Larth’s centre, according to the Old Stile. 


i Sun’s mean 
Mean Time of Sun’s mean | Moon’s mean 


Plaid . dist. from 
Oo m= i 
2 5 zs New Moon. Anomaly, a se the Node. 
a gS +9 
‘=| Month >». a. M..sfs oo f Mls oO hi iig @) hom 
O |1277/June 2 5 9 3911 LT 57 41) 2 26 31 421 0 18 16 40 
1 |1295|/June 13 12 52 59/11 28 27 38) 1 23 40 19] 0 17 48 27 
2 |1913\June 23 20 36 19] 0 8 57 35) 1 20 48 56] 0 17 20 15 
3 |133iJuly 5 4 19 30) O 19 27 321 1 17 57 351 0 16 52 
4 |1349\July 15 12 2 59] 0 29 57 2911 15 6 10] 0 16 23 50 
5 l1367|\July 26 19 46 19] 1 10 27 26} 1 12 14 47] O 15 55 37 
6 ligs5jAug. 6 3 29 39] 1 20 57 23/1 .9 23 24] O 15 27 25 
7 l1403/Aug. 17 11 12 59) 2 1 27 20/1 6 32 110 14 59 
8 |142){|Aug. 27,18 56 191 2 11 57 171 1 3 46 3810 14 3) 
9 11499|Sept. 8 2 89 39] 2 22 27.141 0 49 1510 14 29 47 
10 11457|Sept. 18 10 2 5913 2 57 11! 0 27 57 521 O 13 34 35 
11 [1475|Sept. 29 18 6 1913.13 27 8/025 629/013 6 22 
12 |1493/Oct.. 10 1 49 39] 3 23 57 510 22 15 6 O 12 38 10 
13 [1521/Oct. 21 9 32 5914 427 2 0 19 23 431012 9 57 
14 |15¢g9lOct, 31 17 16 19] 4:14 56 59] 0 16 32 201 0 11 41 45 
15 |1547|Nov. 12 0 59 40] 4 25 26 56] 0 13 40 57) 0 11 13 32 
16 |1565|Nov. 22 8 43 0) 5 5 56 53) 0 10 49 34] 0 10 45 20 
17 |1583/Dec. 3.16 26 20) 5 16 26 5010 758 9] 0 10 17 
18 |1601/Dec. 14 0 9 40 5 26 56 4710 5 64810 9 48 55 
19 1619|/Dec, 25 753 OF 6 726 44/0 2 15 25/0 9 20 42 
20 11638iJan. 4 15 36 20) 6 17 56 Allll 29 24 2) 0 8 52 30 
Q1 |1656)Jan. 15 23 19 40) 6 28 26 38/11 26 32 3910 8 24 17 
92 |16G74\Jan. 26 7 83 O|7 8 56.35/11 23 41 1440 756 | 
-23 11699\Feb, 6 14 46 20] 7 19 26 32/11 20 49 5310 7 27 52 
24 \1710\Feb, 16 22 29 40] 7 29 56 29/11 17 58 30) 0 6 59 40} 
| 25 |1728|Feb, 28 613 0} 8 10 26 2611 15 7 70 6 31 27 
96 11746|Mar. 10 13 56 20) 8 20 56 23/11 12 15 44/0 6 3 IS} 
27 |1764|Mar, 20 21 39 40; 9 1 26 20/11 9 24 2110 5 35 2 
28 |1782|Apr, 1 5 23 0} 9 11 56.17/11 632 5810 5 6 50 
29 |1800|Apr. 11 13 6 20| 9 22 26 14/11 3 41 35) 0 4 38 37 
30 |1818|Apr. 22 20 49 4010 2 56 11/11 050 120 4 10 25h 
31 11836\May 3 433 O10 13 26 810 27 58 49] 0 3 42 12 
32 [1854|May 14 12 16 2010 23 56 51025 7260 314 0 
33 |1872/May 24 19 59 4011 4 26 210 22 16 3/0 2 45 47 
34 11890\June 5 343 O11 14 55 5910 19 24 4010 2 17 35 
35 |1908|\June 15 11 26 2011 25 25 5610 16 33 17| 0 1 49 22 
11926 une ae | 
31 |1944\July 0 0 
38 0 0 


1962\Fuly 
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Tanne TI. The mean Time of New Moon, with the mean Anomaties of the 
Sun and Moon, and the Sun’s mean’ Distance from the Moon’s Ascending 
Node, at the mean Time of each periodical Return of the Sun’s Eclipse, 
March 21, 1164, from the mean Time of iis falling right against the 
Earth’s Centre, till it finally leaves the Larth, according to the Julian or 
Old Stile. 


; ay . Suo’s mean 
my at Mean Time of Sun’s mean |Moon’s mean dike Reb 

; be I 
S158 New Moon. . Anomaly. Anomaly. 2 
esis & the Node. 
feo} —s ey ee | 

an $*.0 
a 


*iMonth De He Me. S180. Os Mon Lhe Tet 


| 


39 l1980\July 28 18 19 43111 7 25 44/10 5 7 45]11 29 56 33 
AO |1998|Augz. 9 2 3 111.17 55 41110 2 16 29111 29 28 20 
Al l2016|Aug. 19 9 46 21] 1 28 25 38] 9 29 24 59/11 290 8 
42 \9034|Aug. 30 17 29 41] 2 8 55 36] 9 26 33 3611 28 31 55 
1 43 |2052|\Sept. 10 113 1) 2 19 25 331 9 23 42 13111 28 3 48 
| 44 l2070\Sept. 21. 8 56 21] 2 29 55 321 9 20 50 SOL] 27 35 306 
| 45 jzossiOct. 1 16 39 411 3 10 25 27] 9:17 59.27/11 97 7 18 
46 |2306lOct. 13. 0 23 113 20 55 2419 15 8 4111 26 39 
AT |2124Oct. 23 8 6 2114 1 25 21] 9 12 16 4111 26 10 5 
AS \2149\Nov. 3 15 49 41) 4 11 55 1819 9 25 IS|l1 25 42 4 
49 I2160\Nov. 13 23 31 1] 4 22 25 1519 6 33 S5GIll 25 14 2 
50 l217S\Nov. 25 7 16 21)5 255 1219 3 42 33/11 24 46 1 
| 51 2196Dec. 5 14 59 41) 5 13 25 91 9 0 51 1O}I1 24 18 
52 |2214\Dec. 16 22 43 115 23.55 7] 8 27 59 47j11 23 49 50 
53 \2999\Dec. 27 6 26 2116 425 41825 8 24/11 23 21 38 
54 |225i\Jan. 714 9 4116 1455 118 22 17 Ill 22 53 25 
55 \2269| Jan. 17 21 53 1] 6 25 24 58] 8 19 25 38ll1 22 15 
| 56 [2287\Jan. 29 5 36 211 7- 5 54 55| 8 16 31 IS5/L1 21 57 
57 |2305/Feb. 8 13 19 41] 7 16 24 52] 8-13 42 52\11 21 28 48 
58 |2323\Feb. 19 21 3 1] 7 26 54 49] 8 10 51 29|11 21 0 35 
59 \2341|Mar. 2 446 21/8 7 24 4618 8 O G1 20 32 23 
60 |2359/Mar. 13 12 29 42} 8 17 54 43/8 5 8 43/11 20 4 
61 |2377|Mar. 23 20 13 2 8 28 24 40,8 2 17 20/11 19 35 58 
62. 12395|Apr. 4 3 56 22,9 8 54 37] 7 29 25 57/11 19 7 45 
63 |2413|Apr. 14 11 39 42) 9 19 24 34] 7 26 34 34/11 18 39 33 
64 |2431|Apr. 25 19 23. 21 9 29 54 31] 7 23 43 11]11 18 11 20 
65 |2449|May 6 3 6 2210 10 24 28} 7 20 5I ASiIl 17 43 
66 |2467/May 17 10 49 4210 20 54 2517 18 0 25/11 17 14 54 
67 |2485|May 27 18 83 211 1 24 22} 715 9 211 16 46 43 
68 |2503|June 8 2 16 2211 11 54 19] 7 12 17 39/11 16 18 
69 |2521|June 18 9 59 4211 22 24:17] 7 9 26 16/11 15 50 
10 |2539|/June 29 17 43 20 2 54 14] 7 6 34 53ll1 15 22 
11 12557\July 10 1 26 22 013 24 11/7 3 43 30/11 14.53 5 
72 \2515|July 21 9 9 42 0 23 54 817 052 Ti 14 25 
713 |2593\July 311653 21 424 5/628 0 4411 13 57 28 
74 [2611|Aug. 12 0 36 221 14 54° 216 25 9 2illl 13 29 
715 |2629|Aug. 22 8 19 421 25 23 59] 6 22 17 SSL 13 
16 |2647/Sept. 216 3 22 5 53 56] 6 19 26 SajlI 12 32 
17 |2665|Sept. 12 23 46 22,2 16 23 53] 6 16 35 1911 12 4 
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Earth's Centre, 
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eS = 
O | 1295 | June 
1 | 1313 | June 
211331 | July 
3 | 1349 | July 
A | 1367 | July 
5 | 1385 | Aug. 
6 | 1403 | Aug. 
7 11421 | Aug. 
8 | 1439 | Sept. 
9 | 1457 | Sept. 


10 | 1475 | Sept. 


11 { 1493 | Oct. 
12 | 1511-] Oct. 
13 | 1529 | Oct. 
14 | 1547 | Nov. 
15 | 1565 | Nov. 
16 | 1583 | Dee. 
17 | 1601 | Dec. 
18 |-1619 | Dec. 
19 | 1638 | Jan. 
20 | 1656 | Jan. 
91 | 1674 | Jan. 
22 | 1692 | Feb. 
23 | 1710} Feb. 
24 | 1728 | Feb. 
25 | 1746-| Mar, 
96 |-1764 | Mar. 
27 | 1782 | Apr. 
28 | 1800 | Apr. 
29 | 1818 | Apr. 
30 | 1836 | May 
4 31 | °1854 | May 

321 1872 | May 
33 | 1890 | June 
34 | 1908 | June 
35 1 1926 dune 
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Taare TET, The true Time of New Moon, with the Sun's t#ue Dise 
fance from the Moon’s Ascending Node, and the Moon’s true Lati« 
tude, at the true Time of each periodical Return of the Sun’s Eclipse, 
March 21, Old Stile, A. D. 1164, from the Time of its first com- 
éng upon the Earth since the Creation, till it falis agin against the 
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Month pb. H.. mM. 
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~Sun’s true 
dist. from 


the Node. 


eceooegeoocoooooecooecoosscooscooesosoooeoscocec]/es 


me wow r OOM mnmnmnwowvuownwuowowonwo 
’ es, Cy 
fm) 
isis) 
[e2) 


fos) 
= 
= 
rc) 
o's) 


qooecocoocqcmwwmmOolUmcWmcOCLCOCcCOCOCOCOCCO OO OOOO OO OH eS Ee eS eS eS 


Moon’s true La- 
‘titude, North. 


pest 


° 


dddddddddddddddddddddddddddddddddads 


~ 


e 


Ps 
© 
ARABABAAAAABAAAAAARAAALAAAAAAAAZAZAAD 


° 
a 
> 


On account of the differences between the mean and rue New 
Moons, and between the Sun’s mean apd true distances from the 
Node, the Moon’s shadow falls even with the Earth’s centre twa 
periods sooner in this Table than in the first. . 


2 
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Taste IV. The true Time of New Moon, with the Sun’s true Dis- 
tance from the Moon’s Ascending Node, and the Moon’s true La~ 

’ titude at each periodical Return of the Sun’s Eclipse, March 21, 
Old Stile, A. D. 17164, from its falling right against the Earth’s 
Centre, till it finally leaves the Earth, 


fo a True Time of wg ine Moon’s true La- CHAP. 
S 2. New Moon. Ist, ‘rom |  titude South. XVII. 
i 5 5 the Node. 


Month. p} a... s.| 5, 0°? . ” ’ ” South. 


° 


July 6 17 50 36/11 29 55 28 
July 18 0O 31 38/11 29 2 35 
July 28 7 18 53)11 28 11 32 
Aug. 8 14 12 22]11 27 26 Al 
Aug. 18 21 14 58/11 26 42 16 
Aug. 30 4 25 45)11 26 2 O 
Sept. 9 11 45 17]11 25 26 46 
Sept. 20 19 17 26)11 2455 4 
Oct. 1 2 57 811 24 27 43 
Oct. 12 10 47 39]11 24 4 38 
Oct. 22 18 37 40|1I1 23 48 28 
Nov. 3 2 56 19]}11 23 35 11 
Nov. 13 11 11 20|11 23 22 22 
Nov. 24 19 36 14]1]1 23 18 57 
Dec. 5 4 4 9/11 23 14 40 
Dec. 16 12 35 48}11 23 10 43 
Dec. 26 20 29 9]11 23 6 47 
Jan. 7 5 42 9/11 23° 4 27 
Jan; 17 14 14 8/{11 23 0O 41 
Jan. 28 22 43 34|11 22 53 58 
Feb. 8 1 8 30/11 22 44 44 
Feb. 19 15 T‘10/11 22 31 1 
Mar. 2 0 6 5/j11 22 17 46 
|Mar. 13 7 59 17|11 21 55 29 
Mar. 23 15 51 59]11 21 39 40 
Apr. 3 23 45 7/{11 21 0 53 
Apr. 14 7 32 40|11 20 26 22 
Apr. 25 15 12 57}/11 19 47 34 
‘May 5 2245 14/11 19 6 22 
May 17 6 17 30/11 18 21 16 
May 27 13 46 29 11 T 34 20 
June 7 21 10 31} 11 16 43 17 
June 18 4 24 42|11 15 51 48 
June 29 11 58 46)11 15 1 12 
July 919 24 7/11 14 918 
July 21 2 52 34)}11 13 19 22 
July 31 10 25 31] 11 12 13 43 
Aug. 11 17 58 39] 11 Ll 45,13 
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By the true-motions of the Sun, Moon, and nodes, this Eclipse 
_ goes off the Earth four periods sooner than it would have done by 
_ Tean equable motions. 


Fol. I. Tt 
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cHAP. © © To illustrate this a little farther, we shall ex- 

*Vill_ amine some of the most remarkable circumstances 

From Mr. Of the returns of the eclipse which happened 
Dts July 14, 1748, about noon. ‘This eclipse, after 

ti on traversing the voids of space from the creation, 

«chpses. - at last began to enter the Terra Australis Incog- 

nita, about 88 years after the Conquest, which 

was the last of King Stephen’s reign; every 

Chaldean* period it has crept more northerly, 

but was still invisible in Britain before the year 

1622, when, on the 30" of April, it began to 

touch the south parts of England about 2 in the 

afternoon, its central appearance rising in the 

American South seas, and traversing Peru and 

the Amazon’s country, through the Atlantic 

ocean into Africa, and setting m the Ethiopian ~ 
continent, not far from the beginning of the Red 

sea. | a 

‘ Its next visible period was after three Chal- 
dean revolutions in 1676, on the first of June 
rising central in the Atlantic ocean, passing us 
about 9 in the morning, with four digits* eclipsed 
on the under limb, and setting in the gulf of 
Cochinchina in the East Indies. 

‘ It being now near the solstice, this eclipse 
was visible: the very next return in 1694, in the 
evening ; and in two’periods more, which was 
in 1730, on the 4° of July, was seen above half — 
eclipsed just after sun-rise, and observed both at — 
Wirtemberg in Germany, and Pekin in China, — 
soon after which it went off. eT 


* The above period of 18 years 11 days 7 hours 43 
minutes 20 seconds, whieh was found out by the Chalde- 
ans, and by them called Saros. : 

7 A digit is a twelfth part of the diameter of the Sun 


or Moon. 
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¢ Highteen years more afforded us the eclipse cHapP. 
which fell on the 14» of July 1748. ina’ 
‘ The next visible return will happen on July | 
25, 1766, in the evening, about four digits eclips- 
ed ; and after two periods more, on August 16, 
1802, early in the morning, about five digits, the 
centre coming from the north frozen continent, 
by the capes of Norway, through Tartary, China, 
and Japan, to the Ladrone islands, where it goes 
off. 
_ * Again, in 1820, August 26, betwixt one and 
two there will be another great eclipse at Lon- 
don, about 10 digits; but happening so near the 
equinox, the centre will leave every part of Bri- 
tain to the west, and enter Germany at Embden, 
passing by Venice, Naples, Grand Cairo, and 
set in the gulf of Bassora near that city. 

Tt will be no more visible till 1874, when five 
digits will be obscured (the centre being now 
about to leave the Earth) on September 28. In 
1892 the Sun will go down eclipsed at London, 
and again in 1928 the passage of the centre will 
be in the expansum, though there will be two 
digits eclipsed at London, October the 31° of. 
that year ; and about the year 2090 the whole 
_ penumbra will be wore off; whence no more 
returns of this eclipse can happen till after a re- 
_yolution of 10,000 years. 

© From these remarks on the entire revolution 
of this eclipse, we may gather, that a thousand 
years, more or less (for there are some irregulari- 
ties that may protract or lengthen this period 100 
years) complete the whole terrestrial phenomena 
of any single eclipse; and since ZO ‘periods of 
54 years each, and about 33 days, comprehend 
the entire extent of their revolution, it is evicent 
that the times of the returns will pass through a 

fie’ 
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cHaP. circuit of one year and ten months, every Chal- 


XVIII. 


dean period being 10 or 11 days later, and of the — 
equable appearances about 32 or 33 days. ‘Thus, 
though this eclipse happens about the middle of — 
July, no other subsequent eclipse of this period 
will return to the middle of the same month 
again; but wear constantly each period 10 or 11 
days forward, and at last appear in winter, but 
then it begins to cease from affecting us. 

‘ Another conclusion from this revolution may 
be drawn, that there will seldom be any more 
than two great eclipses of the Sun in the interval 
of this period, and these follow sometimes next 
return, and often at greater distances. That of 
1715 returned again in 1733 very great; but 
this present eclipse will not be great till the ar- ~ 
rival of 1820, which is a revolution of four Chal- 
dean periods; so that the irregularities of their 
circuits must undergo new computations to as- — 
sign them exactly. 

‘ Nor do all eclipses come in at the south 
pole: that depends altogether on the position 
of the lunar nodes, which will bring in as many _ 
from the expansum one way as the other: and 
such eclipses will wear more southerly by de- 
grees, contrary to what happens in the present 
case. 

‘ The eclipse, for example, of 1736, in Sep- 
tember, had its centre in the expansum, and set 
about the middle of its obscurity in Britain; it 
will wear in at the north pole, and in the year 
2600, or thereabouts, go off in the expansum on 
the Meee side of the Earth. : 

‘ The eclipses, therefore, which happened 
about the creation, are little more than half way 
yet of their ethereal circuit, and will be 4000 
years before they enter the Earth any more. 
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This grand revolution seems to have been entire- ot 
ly unknown to the ancients. rr 
322. ‘ It is particularly to be noted, that why our 

eclipses. which have happened many centuries PV" | 
ago, will not be found by our present tables to not agree. 
agree exactly with ancient observations, by rea- eee 
son of the great anomalies in the lunar motions ; servations. 
which appears an incontestable demonstration of 

the non-eternity of the universe. For it seems 
confirmed by undeniable proofs, that the Moon 

now finishes her period in less time than former- 

ly, and will continue by the centripetal law to 
approach nearer and nearer the Earth, and to go 

sooner and sooner round it: nor will the centri- 

fugal power be sufficient to compensate the dif- 

ferent gravitations of such an assemblage of bo- 

dies as constitute the solar system, which would 

come to ruin of itself,? without some new re- 
gulation and adjustment of their original mo- 

tions.’ 


3 See page 84, note. 

4 There are two ancient eclipses of the Moon, record- 
ed by Ptolemy from Hipparchus, which afford an unde- 
niable proof of the Moon’s acceleration. The first of — 
these was observed at Babylon, December the 22%, in the 


_ year before Christ 383; when the Moon began to be 


eclipsed about half an hour before the Sun rose, and the 
eclipse was not over before the Moon set: but by 
most of our astronomical tables, the Moon was set at Ba- 
bylon half an hour before the eclipse began; in which 
case, there could have been no possibility of observing it. 
‘The second eclipse was observed at Alexandria, Septem- 
ber the 22°, the year before Christ 201 ; where the Moon 
rose so much eclipsed, that the eclipse must have begun 
about half an hour before she rose ; whereas, by most of 
our tables, the beginning of this eclipse was not till about 
10 minutes after the Moon rose at Alexandria. Had these 
eclipses begun and ended while the Sun was below the 
horizon, we might have imagined, that as the ancients had 
he certain way of measuring time, they might have been 


x) 
A ee 


CHAP. 
XVIIT. 


Thales’s 
eclipse. 
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323. * We are credibly informed from the 
testimony of the ancients, that there was a total 
eclipse of the Sun predicted by Thales to hap- 
pen in the 4™ year of the 48™ Olympiad,* either 


‘at Sardis or Miletus in Asia, where Thales then 


resided. That year corresponds to the 585™ 
year before Christ, when accordingly there hap- 
pened a very signal eclipse of the Sun on the 
28" of May, answering to the present 10" of 
that month,° central through North America, the 


so far mistaken in the hours, that we could not have laid any 
stress on the accounts given by them. But, as in the first 
eclipse the Moon was set, and consequently the Sun risen, 
before it was over, and in the second eclipse the Sun was 
set and the Moon not risen, till some time after it began 3 
these are such circumstances as the observers could not 
possibly be mistaken in. Mr. Struyk, in the following 
catalogue, notwithstanding the express words of Ptolemy, 
puts down these two eclipses as observed at Athens ; where 
they might have been seen as above, without any accelera- 
tion of the Moon’s motion; Athens being 20° west of 
Babylon, and 7° west of Alexandria. 

5 Each Olympiad began at the time of full moon next 
after the summer solstice, and lasted four years, which were 
of unequal lengths, because the time of full moon differs 
11 days every year; so that they might sdmetimes begin on 
the next day after the solstice, and at other times not till 
four weeks after it. The first Olympiad began in the 
year of the Julian period 3938, which was 776 years before 
the first year of Christ, or 775 before the year of his birth; 
and the last Olympiad, which was the 293°, began 4. p. 
393. Atthe expiration of each Olympiad, the Olympic 
games were celebrated in the Elean fields, near the river 
Alpheus in the Peloponnesus (now Morea) in honour of 
Jupiter Olympus. See Strauchius’s Breviarium Chrono- 
logicum, pp. 247-251. | 

° The reader may probably find it difficult to under- 
stand why Mr. Smith should reckon this eclipse to have 
been in the fourth year of the 48'" Olympiad, as it was only 
in the end of the third year; and also why the 28 of 

May, 
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south parts of France, Italy, &c. as far as Athens, CHAP. 
or the isles in the A.gean sea; which is the far- *¥ 
thest that even the Caroline tables carry it ; and, 
consequently, make it invisible to any part of 

Asia in the total character ; though I have good 
reasons to believe that it extended to Babylon, 

and went down central over that city. Weare 

not however to imagine, that it was set before it 
passed Sardis and the Asiatic towns, where the 
predictor lived ; because an invisible eclipse could 

have been of no service to demonstrate his ability 

in astronomical science to his countrymen, as it 

could give no proof of its reality. 

324. ¢ For a further illustration, Thucydides rhuciai- 
relates, that a solar eclipse happened on a sum-“*’seclipse. 
mer’s day in the afternoon, in the first year of 
the Peloponnesian war, so great that the stars ap- 
peared. Rhodius was victor in the Olympic . 
games the 4" year of the said war, being also the 


~s 


May, in the 585" year before Christ, should answer to the | 
present 10" of that month. But we hope the following 
explanation will remove these difficulties. 

‘The month of May (when the Sun was eclipsed) in the 
585" year before the first year of Christ, which was a leap 
year, fellin the latter end of the third year of the 48" 
Olympiad; and the fourth year of that Olympiad began 
at the summer solstice following; but perhaps Mr. Smith 
begins the years of the Olympiad from January, in order 
to make them correspond more readily with Julian years ; 
and so reckons the month of May, when the eclipse hap- 
pened, to be in the fourth year of that Olympiad. 

The place or longitude of the Sun at that time was ¥y 
20° 43' 17”, to which same place the Sun returned (after 
2300 years, viz.) A. D. 1716, on May 9* 5° 6™ after noon 3 
so that, with respect to the Sun’s place, the 9g of May 
1716, answers to the 28" of May in the 585™ year before 
the first year of Christ; that is, the Sun had the same 
longitude on both those days. 
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CHAP. 
XVIII. 


4" of the 87" Olympiad, or the 428" year be- 
fore Christ. So that the eclipse must have ~ 
happened in the 431°" year before Christ; and 
by computation it appears, that on the 3¢ of 
August there was a signal eclipse which would 
have passed over Athens, central about 6 in the 
evening, but which our present tables bring no 
farther than the ancient Syrtes on the African 
coast, above 400 miles from Athens ; which suf- 
fering in that case but 9 digits, could by no means 
exhibit the remarkable darkness recited by this 
historian; the centre, therefore, seems to have 
passed Athens about 6 in the evening, and pro- 
bably might go down about Jerusalem, or near it, 
contrary tothe construction of the present tablgs. 
I have only obviated these things by way of cau- 


tion to the present astronomers, in recomputing 


The nume - 


ber of 
eclipses, 


ancient eclipses ; and refer them to examine the 
eclipse of Nicias, so fatal to the Athenian fleet ;7 
that which overthrew the Macedonian army,’* 
&c. So far Mr. Smith. - 

325. In any year, the number of eclipses of 
both luminaries cannot be less than two, nor 
more than seven; the most usual number 1s four, 
and it is very rare to have more than six. For 
the Sun passes by both the nodes but once a 
year, unless he passes by one of them in the be- 
ginning of the year ; and if he does, he will pass 
by the same node again a little before the year 
be finished ; because, as these points move 19° 
backward every year, the Sun will come to either 
of them 173 days after the other, § 319. And 
when either node is within 17° of the Sun at the 


? Before Christ 413, August 27. 
8 Before Christ 168, June 21. 
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time of new moon, the Sun will be eclipsed. At cHaP: 
the subsequent opposition, the Moon will be *~”". 
eclipsed in the other node; and come round to 
the next conjunction again ere the former node 
be 17° past the Sun, and will therefore eclipse 
him again. When three eclipses fall about either 
node, the like number generally falls about the 
opposite; asthe Sun comes to it in 173 days 
afterwards ; and six lunations contain but four 
days more. ‘Thus there may be two eclipses of 
the Sun, and one of the Moon, about each of her 
nodes. But when the Moon changes in either 
of the nodes, she cannot be near enough the other 
node at the next full to be eclipsed; and in six 
lunar months afterward she will change near the 
other node: in these cases there can be but two 
eclipses in a year, and they are both of the Sun. 
326. A longer period than the above-mention- 
ed, § 320, for comparing and examining eclipses 
which happened at long intervals of time, is 557 
years 21 days 18 hours 30 minutes 11 seconds, 
in which time there are 6890 mean lunations ; 
and the Sun and node meet again so nearly as 
to be but 11 seconds distant ;° but then it is not 
the same eclipse that returns, as in the shorter 
period above mentioned. / | 
327. We shall subjoin a catalogue of eclipses 
recorded in histery, from 721 years before Christ 
to A. D. 1485; of computed eclipses from 1485 
to 1700; and of all the eclipses visible in Europe 
from 1700 to 1800. From the beginning of the 
catalogue to a. D. 1485, the eclipses are taken 


® According to the latest solar and lunar tables, this 
period is only 557 years 21 days 18 hours 4 minutes 47 
seconds, and the Sun’s distance from the Moon’s node is 
fully 1°41”. See Ferguson’s Lectures, vol. 11, p. 83, Edit. 
2°.—Epb. 


CHAP. 
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from Struyk’s Introduction to universal Geogra- 
phy, as that indefatigable author has, with much 


An account labour, collected them from Ptolemy, ‘Thucydi- 


oi the fol- 
lowing Ca- 
ralogue of 
eclipses. 


des, Plutarch, Calvisius, Xenophon, Diodorus 
Siculus, Justin, Polybius, ‘Fitus Livius, Cicero, 
Lucanus, Theophanes, Dion Cassius, and many 
others. From 1485 to 1700 the eclipses are 
taken from Ricciolus’s Almagest: and from 
1700 to 1800' from L’Art de verifier les Dates. 
Those from Struyk have all the places mention- 
ed where they were observed: those from the 
French authors, vix. the religious Benedictines 
of the congregation of S‘. Maur, are fitted to the 
meridian of Paris: and concerning those from 
Ricciolus, that author gives the following ac- 
count. 

‘ Because it is of great use for fixing the cy- 
cles or revolutions of eclipses, to have at hand, 
without the trouble of calculation, a list of suc- 
cessive eclipses for many years, computed by 
authors of Ephemerides, although from tables 
not perfect in all respects, I shall, for the bene- 
fit of astronomers, give a summary collection of 
such. The authors I extract from are, an an- 


“onymous one who published Ephemerides from 


1484 to 1506 inclusive: Jacobus Ptlaumen and 
Jo. Steeflerinus, to the meridian of Ulm, from 
1507 to 1534: Lucas Gauricus, to the latitude 
of 45°, from 1534 to 1551: Peter Appian, to 
the meridian of Leysing, from 1538 to 1578: 
Jo. Stzeflerus, to the meridian of Tubing, from 
1543 to 1554: Petrus Pitatus, to the meridian 
of Venice, from 1544 to 1556: Georgius-Joa- 
chimus Rheticus, for the year 1551: Nicholaus 
Simus, to the meridian of Bologna, from 1552 
to 1568: Michael Meestlin, to the meridian of 
Tubing, from 1557 to 1590: Jo. Stadius, to 
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the meridian of Antwerp, from 1554 to 1574: 
Jo. Antoninus Maginus, to the meridian of Ve- 
nice, from 1581 to 1630: David Origan, to 
the meridian of Franckfort on the Oder, from 
1595 to 1664: Andrew Argol, to the meridian 
of Rome, from 1630 to 1700: Franciscus Mon- 
tebrunus, to the meridian of Bologna, from 1461 
to 1660: among which Stadius, Meestlin, and 
Maginus, used the Prutenic tables; Origin the 
Prutenic and Tychonic; Montebrunus the 
Lansbergian, as likewise those of Durat. Al- 
most all the rest the Alphonsine. 

But that the places may readily be known for 
which these eclipses were computed, and from 
what tables, consult the following list, in which 
the years inclusive are set down. 


From 1485 to 1506 The place and author unknown. 
1507 1553 Ulm in Suabia, from the Alphon- 
sine. 
1554 1576 Antwerp, from the Prutenic. 
4577 1585 Tubing, from'the Prutenic. 
1586 1594 Venice, from the Prutenic. 


CHAP. 
XVAGLi. 


een panned 


1595 1600 Franckfort on the Oder, from the | 


Prutenic. 
1601 1640 Franckfort on the Oder, fon ihe 
Tychonic. 
1641 1660 Bologna, from the Lansbergian. 
i66i 1700 Rome, from the +y chonic.” 


So far Ricciolus. 
iV. B. The eclipses marked with an asterisk 
are not in Ricciolus’s catalogue, but are supplied 


from L‘Art de verifier les Dates. 


From the beginning of the catalogue to A. D. 
1700, the time is rekoned from the noon of the 


CHAP. 


XVITI. 
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day mentioned, to the noon of the following day: 
but from 1700 to 1800, the time is set down ac- 
cording to our common way of reckoning. 
Those marked Pekin and Canton are eclipses 
from the Chinese chronology according to 
Struyk ; and throughout the table this mark # 
signifies sun, and this > moon. 
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Struyk’s Catalogue of Eclipses. 
Bef, | Ecli f i igi 
$ pses of the Sun and Middle; Digits 
Moon seen at i Be age A : 


p|March 19/10 34 


Babylon ) Sept. 10 18 

Babylon re. 21j18,..22 

Babylon Duly 1612 47 

Babylon DINov. 19/12 21 

Babylon April 25/12 12 

Athens tAug. 3)/6 35/11 
thens Oct. g| 6 45} Total 
thens ##\March 20)20 17 

Athens yplAug, 27|10 15) Total 
thens DjApr. 15) 8 50 Total 
thens #s\Sept. 2/21 12/8 40 

Pekin ug. 28] 5 5310 40 

Gnide GiiAug. 13/22 17|11 


Sicily Island tyjAug, 14)20 


219 \Mysia _ |» |March 19/14 

21g |Pergamos ) |Sept. 1) rising 

217 |Sardinia #/Feb, 11) 1 57 

203 |Frusini tiiMay 6) 2 52 

202, {Cumis fslOct. 19|22 24 

201 |Athens Vary Sept, 224 fwd 

200 |Athens D |March 19/13 

200 |Athens > |Sept. 11]14 48 

198 |Rome tslAug. 6 

190 |Rome #|March 13/18 —L11 

18g |Rome July 6\20 38110 48 
174 {Athens p April 304 33) 7 

168 |Maeedonia pune 21] 8 

141 {Rhodes pan. 27110 

104 {Rome gsJuly  19|22 

63 \Rome plOct. 27| 6 22) Total 
6o {Gibraltar #4|March 16] setting |Central 
54 |Canton eilMay | 3 41) Total 
51 {Rome #s|March 7| 2 12 O 
48 |Rome pan. 180 Oo} Total 
45 |Rome yplNov. 614 —) Total 
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30 [Canton 
40 ‘Pekin 
45 iRome 
46 Pekin 
40 (Rome 
49 |Pekin 
53 (Canton 

55 Pekin 

56 Canton 

59 ‘Rome 

60 'Canton 

65 ‘Canton 

69 Rome - 

70 |Canton 

71 |Rome > 

| 95 Ephesus 

| 125 jAlexandria 

+ 133 ‘Alexandria 

b 134 \Alexandria 

| 136 |Alexandria 

| 237 |Bologna 

t 238 |Rome 

290 ‘Carthage 

304. ‘Rome’. 

| 316 |Constantinople 
| 334 {Toledo 

348 |Constantinople 
‘360 |Ispahan 

364 |Alexandria 
401 {Rome 

Rome 

2 |Rome 


44| Votal | 
5|10 19} 
50) 5 cl 
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Aft. |Eclipses of the Sun and Middle) Digits , CHAP. 
Chr. Moon seen at H. mM. \eclipsed.| 4 VIII. 
Ferg (eam 1 Poe 
402 |Rome Nov. 1020 33/10 30) 
447 \Compostello #+ Dec. 23} o 46651 —~ 
451 |Compostello ») April 116 34/19 52 
451 |Compostello ») Sept. 26} G30). 0° 2) 
458 |Chaves i May 27/23 16/18 53! 
462 |Compostello >) March. 113 "O28 
464 |\Chaves July 1gig 110 15) 
484 \Constantinople ttJan. 13) 9 5310 O 
480 |Constantinople a May lg} 1 105 15 
497 |\Constantinople ##iApril 18] 6 5/17 57 
512 Constantinople June 29/23 1 50) 
538 \England Feb. 1419 —|8 23 
540 |London tiJune 1920 15)8 — 
577 |Tours ) |Dec 10:17 28| 0 406 
581 |Paris {April 413 33) 6 42 
582 |Paris )\Sept. 1712 41) Total 
590 |Paris DjiOct. 181'6 3019 25 
592 |Constantinople {\March 1822 610 Oo 
603 |Paris GlAug. 12|3 3{11 20 
622 |\Constantinople )|Feb.. 111 26} Totad 
644. |Paris f+ Nov. 5| Q S090" 33 
680 {Paris Dune 17112 30) ‘Votal 
683 |Paris )i|April 1611 30) Total 
693 |Constantinople #lOct, 4123. 54|11 54 
716 |Constantinople Dan. 13) 7° —-) Total 
718 |Constantinople June 3/1 15) Total 
733 \England iAug.. 1320 te 4 
{ 734 |England pWan. 2314 —| Total 
752, |England ) July 3013 ——| Total 
753 \Engiand tune 622 -——10 35 
753 \England pan. 2313 --| Total 
760 |England rviAug. 15,4 —| 8 15 
760 {London |p /Aug. 30, 5 5010 40 
704 |England ryJune  4atnoon| 7 15 
770 \London p |Feb, 14 wa Total 
774 |Rome piNov, 2214 37/11 58 
784 |London y Nov v4 a Total ; 
787 |\Constantinople #iSept. 1420 43) 9 47 
790 |\Constantinople p (March 27116 22} ‘otal 
S00 |Rome % Van. iPS O° tO* © 27 
807 |Angoulesme ge Feb, 1021 24/9 42 
807 |Paris = » Feb. 2513 43| ‘Total 
807 {Paris y{Aug. 21/10 20 Total | 
80g |Paris gsiJuly 1521 33) 8 8 
809 |Paris p'Dec. _ 251 8 -—- Total 
810 |Paris » June 20} 8 Total | 
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~ CHAP, | Aft. [Eclipses of the Sun and M. & pv, | Middle 
XVUI, | Chr. Moon seen at ; H. M,. 

or aa 810 |Paris t4|Nov. 30 0 
810 {Paris y |Dec. 14] 8 
| 812 |Constantinople t#/May. 14] 2 
| 813 |Cappadocia \May 3/17 
817 |Paris piFeb.> ‘51 5 
818 {Paris . GiiJuly 618 
820 {Paris , pINov. 23] 6 
924 jParis | py {March 18} 7 
828 {Paris Dune 3015 
828 {Paris p|Dec. 24/13 
$31 {Paris ) |April 30} 6 
831 {Paris fi\May . 15/23 
831 (Paris DiOct. 24/11 
832 \Paris > |April 18} 9 
840 (Paris iMay —-4|23 
841 \Paris — «|lOct. «17118 
842 |Paris D |March 29/14 
843 (Paris - |) {March 19} 7 
801 {Paris ) (March 29/15 
878 Paris )|Oct. 14}16 

878 ‘Paris #Oct. 29) 1 | 
883 |Arracta Duly 23) 7 
889 |Constantinople April 3}17 
891 {Constantinople MiAug. 7/23 
gOl |Arracta DjAug. 15 
904 |London ~  |p|May 31/11 
g04. {London DINov. 25] 9 
Q12 |London ) Jan. 6)15 
926 |Paris >) (March 31}15 
934 |Paris April 16) 4 
939 |Paris tiJuly 18/19 
955 {Paris )|Sept. 411 
Q61 |Rhimes *iMay  16)20 
970 {Constantinople tiMay 718 
076 {London pVuly § 13/15 
985 |Messina fiJuly 20) 3 
989 |Constantinople tiiMay 28 6 
990 |Fulda ) |April 12,10 
990 |Fulda piOct. G15 
990 |Constantinople t#iOct. 21) O 
995 |Augsburgh Duly 14/11. 
1009 |Ferrara D |Oct. 611 

1010 |Messina ) [March 18] 5. 
1016 |Nimeguen #s|Nov. 1616 
1017 |Nimeguen g|Oct. 22) 2 


11020 (Cologne p|Sept. 4 
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ipses of the Sun and 
Moon seen at 


1023 {London 
1030 |Rome 
1031 |Paris 

1033 |Paris 

1034 |Milan 

1037 |Paris 
1039 |Auxerre 
1042 |Rome 
1044 |Auxerre 
1044 |Cluny 
1056 |Nuremburg 
1063 jRome 
1074 |Augsburgh 
1080 |Constantinople 
1082 |London 
1086 eg seth abs 
1089 |Naples | 
1093 [Augsburgh 
-1 1006 |Gembluors 
1096 |Augsburgh 
1098 |Augsburgh 
1099 |Naples 
1103 |Rome 
1106 \Erfurd 
1107 iNaples 
1109 |Erfurd 
1110!London 
1113 Jerusalem, 
{1114 London - 
1117 {Trier 
1117 |Trier 

1118 \Naples 
1121 |Triers 
1122 ;Prague 
1124 jErfurd 
1124 ;London 
1132 ‘Erfurd 
1133 |Prague 
1135 jLondon 
1142 |Rome 
1143 |Rome 

| 1147 \Auranches 
1149 |Bary 
1151 |Eimbeck 
1153 j|Augsburgh 
1154 {Paris 


Vol. 1, 


Middle) Digits 
H. M. | eclipsed. 


M. & DP. 


20116 
« , 22/20 


piFeb. 11/14 
p |Feb 1| 6 
> |M: 

») 

yy) 


rt . 
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Aft. |Eclipses of the Sun and; 

Chr, Moon seen at 


1154 |Paris 

1155 |Auranches 
1169 |Rome 
1161 |Rome 
1162 |Erfurd 
1162 |Erfurd 
1163 |Mont Cassin 
1164 |Milan 
1168 |London 
1172 |Cologne 
1176 |Auranches 
1176 |Auranches 
1178 |Cologne 
1178 |Auranches 
1178 |Cologne 
1179 |Cologne 
1180 |Auranches 
11181 |Auranches 
1181 |Auranches 
1185 |Rhemes 
1186 |Cologne _ 
1186 |Franckfort 
1187 |Paris 

1187 |England 
1189 |England 
1191 |England 
1192 |France 
1193 |France 
1194 |London 
1200 |London 


41223 |Colmar 
| 1228 |Naples 
1230 |Naples 
-1230 jLondon 
1232 |Rhemes 
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| Aft. Eclipses of the Sun and) jg 5, | Middle] Digits | CHAP. 
Chr. | Moon seen at H. M, 
1245 |Rhemes tsJuly 24117 
1248 |London pune 7/8 
1255 |London yp July - 20) 9 
1255 |Constantinople #x|Dec. 30) 2 
1258 |Augesburgh py (May 18)11 
1201 |Vienna — |ty|March 31/22 
1262 |Vienna | y (March 7] 5 
1262 |Vienna p |Aug. 30/14 
1263 |Vienna p |Feb. 24) 6 
1263 |Augsburgh gyjAug. 5] 3 
1263 |Vienna ») Aug. 20) 7 
1265 |Vienna py (Dec. 23/16 
1207 ‘Constantinople #i\May 24/93 
1270 |Vienna ty March 22!18 
1272 !Vienna pjAug. 10) 7 
1274 \Vienna pan. 2307 
1275 |Lauben y (Dec. 416 
1276 \Vienna p|Nov. 22115 
1277 \Vienna p|May 18-———} Total 
1279 |Franckfort gslApril 12) 6 
1280 |London | y {March 17}12 
1284 |Reggio py |Dec. 23/16 
1290 |Wittemburg | #x\Sept.  5[19 
1291 |\London p|Feb. 14]10 
1302 |Constantinople D\Jan. 14/10 
1307 |Ferrara #e/April 2/22 
1309 |London >) |Feb. 24}17 
1309 |Lucca py jAug. 21/10 
1316 |Wittemburg tsJan. 31) 2 
1310 |Torcello ipiFeb. 14) 4 
1310 /Torcello . pjAug. 10/15 
1312 |Wittemburg ftiJuly 4/19 
1312 |Plaisance )\Dec, 14) 7 
1313 |Torcello )\Dec. 3/8 
1316 |Modena )\Oct. 1/14 
1321 |Wittemburg r\June 25/18 
1323 |Florence > |May 205 
1324 |Florence >|\May gf 6 
1324 /Wittemburg =‘ |#%/April 23] 6 
1327 |Constantinople py |Aug. 31/18 
1328 |Constantinople p|Feb. 25)13 
1330 |Florence - |pyJune 3015 
1330 |Constantinople @ July 16) 4 
_ 11330 |Prague . piDec. 25/15 
1331 {Prague #%/Nov. 29/20 


1331 'Prague p (Dec. 14/18 
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CHAP. | Aft. \Eclipses of the Sun and i 
XViIL | Chr. "Wiad seen at : 
rarest poemaeed —— 
1333 |Wittemburg 
1334 |\Cesena 
1341 |Constantinople 
1341 |Constantinople 
1342 |Constantinople 
1344 |Alexandria 
1349|Wittemburg 
1354/W ittemburg 
1356 |Florence 
1361 |Constantinople 
1367 |Sienna 
1389 |Eugibio 
1396 |Augsburgh 
1396 |Augsburgh 
1399 |Forli 
1406 |Constantinople 
1406 |Constantinople 
1408 |Forli | 2 
1409 |Constantinople ejApril 15 
1410)|Vienna y (March 20/13 
4415|Wittemburg ty 6| 6 
1419|Franckfort 
1421 |Forli 
1422|Forli 
1424|Wittemburg 
1431 |Forli 
1433|Wittemburg 
1438|Wittemburg 
1442|Rome 
1448| Tubing 
-1450|Constantinople 
1457|Vienna 
1460|Austria 
1460/Austria , 
1460/ Vienna 
1461|Vienna 
1461|Ronie 
1462|Viterbo 
1462|Viterbo 
1464/|Padua 
1465 |Rome 
1465 |Rome 
1469|Rome 
1485 | Norimburg 


Of Eclipses. a9 


All the following Eclipses are taken from Ricciolus, ex- 
cept thofe marked with an asterisk, which are from L’~ 
Art de verifier les Dates. 


After Middle Digits 
Christ. (ees Hw. oM, sctipieds 
teenianpemenenees cotbesnedtns eel : : : 

1486 | ) |.February 18] .5 41] Total] 
1486 | #%.| March 5|17 43} 9 0 
1487 | ) } February 7115 49 | > Total 
1487 | %% | July 20} 2 61] 7 0 
1488 | ) | January 28 | Gr ew) ® 
1488 | -#% | July 8/17 30| 4 0 
1489 | ) | December » 7117 Al Total 
1490 | <% | May 19 | Noon | * 
1490 | D) | June 2110 61|. Total 
1490.| ) | November. 26] 18 25 | Total 
1491 |} #% |..March s8| 2 19] 9 
1491 | p | November’ 15]18 —j] * 
1492 | #% | April 26} 7 —| * 
1492 | & | October 20 | 23 =| * 
1493 |} p | April 1) 14. 0] Total 
1493 | #¥ | October 10}. 2 40] 8 Oo 
1494 | #% | March 7\ 4.12 1°4 90 
1494 |) | March 21 | 14 38 |. Total. 
1494 |. ) | September’ 14 ]49 45 | Total 
1495 | ) | March - 10 |:16 —_]| * 
1495 } t | August © 19/17 —[-* 
1496 | ) | January 290); 14 — J] * , 
1497 | ) | January 18}. 6 38 | ° Total 
1497 | ¢ | July Wid civic ¢3| CO 
1499 | ) | June D245 UF | oc ®! 
1499 | # | August -- 23 [18 — | * 
1499 | ) | November 17:+}10 — | * 
1500 | #% | March 27 | Inthe | Night 
1500 } D> | April Jae |: At | Noon 
1500 |) | October 5114 .2}10 .0O 
1501 | >) | May a 2)17 49 |. Total. 
1502 | | September, 30.).19 45/10 Of] . 
1502 |} ) ;October. 15 }12 20] 2 OF | 
1503} ) | March =» 12 9 — |. * ! 
1503 | &% | September 19 | 22 — | * 
1504 |; ) | February 29}13. 36) Total 
1504 | #% | March 1 3 —| * 
1505 | D | August 14| 8.18 | Total 
1506 | D | February 71/15 —| * |. 
1507 | &% |: July BO bei Brey AD) |e) eo 
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Middle Digits 
ee < D. H. M. eclipend! 
» F . re 
“yp | August 10.—| * 

¢% | January 19 —| * 
¢% | January © 4 —| * 
ts | May 6 —| * 
p> | June 17 40] Total 
‘-) | June beth Fo 
+ | November 22 —| * 
-p | October 19 —j| * 
> | October 11 50|- Total 
) | September 3. 56| Total 
|. March 0 30] 6 Oo 
#% | July lo—| * 
+p | January 15 18] Total 
') | January 6 oO]; Total 
| py | July 11 37 | . Total 
#% | December 3 47|.3 O 
| #% | June 16 —| * 
») | November 19 —| * — 
> | May ll 19}.9 11 
# |-June 17 50|11 O 
<2 | May PES C4 
#4 | October 4 33/6 0 
p> | November 6 24| Total 
~) | May 7 —| * 
#% | October » 5° 22)] 3 
> |- October 19 —J| * 
D | March ’We—| * 
#% |- April 19 —|-* 
| #% | September (een! | o* 
-) | September 12 17 | Total 
> | March — 8 26| Total 
> | August’ 15 241] Total 
#y | February 1 —|* 
> | August, 16 —| * 
)#% | January 4 —| * 
p | July 10 10| Total 
> | December 10 46} Total 
‘y | December 10. 30 | Total 
+ | January 3 | 
“py | December 10 —| * 
‘#4 | May 20 —| * 
| py (| October | - 20° 23 | 11. 55 
~# [-Mareh ©’ 18 23 | 8 24 
-y | October 12°11 Total 
“yi fAprill j | ‘en ae 
) #% | August > 0 49} 3 3 


ia: he 
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| 


“After | | 5 7 Middle | Digits | CHAP. 
Christ, |. | ts Me, Oa Dy H. M. dclieall XVULI. 
» | August 4/11 50]| Total 

# | August 19}17 —| * 

#4 | January 14} 1 42) 5 45 

y .| January 29 |14 25 | Total 

# | June 30 [Lit Nooh ff *enet 

y | July 14; 8 —| * 

z% | December 24} 2 —| * 

#4 | June ~ Tes .127)  BOOtO 

py |-November 27} 6 21410 15 

py | May 24) 8 3} Total 
| June - 7\ 8 —| * 

> | November 16] 14 56} Total 
+ y | May 13} 14 24{ 3.0 
» y «| November 6 | Bei Sal Srcay 

zy | April g8| 4/33} 9) 0 

ty | April 6417 15 otal 

p | March 11 | 16 34] Total 
gy) August Zeiog 501 3 

p> } March 1} 8 46] 1 38 

t%.| August 10/17 —| * 

py | July ~ 15) 16>—] * | 

p> | January g}18 13 | ‘otal. | 

gs | January 23 21° .16]} 11 17 

y | July Kaper B31 Total 

py | December 28)18 27} Total 
) gy | June 8120 48] 3. 45 

Pu-Depanibes = 17 qulBue—1) F 

es | May 30| 5 =|} * 

#3 | November 22 | 23 — * 

> | May AldOn¥O7 ty BLO 

y | October 28 | 4 56/11 34 

x | November 12) 2 9] 9 30 

#4 | April 81) Suber * 

pry-A pels x 22} 11 24 | Total 

y | April 1Ppagaag le 2Uzo 

py |} October 6) 6 —| * 

t | March 1G Mane pF 

py } February 20} 8 211| Total 

ty | August Shwe Zet Oo fs I-Oge 

ty | January 12 }:22 54-1 22) 

ty | July 10} Fi—]) * 

> | July 241/16 O} O 81 

#* | June 29| 6 —| * 

y | December 8S qrbsoul 7°10 L482 

y | June. 4|15 -0| Total 

ey | November’ 13 [19 — | *_ 
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After Middle [" Digits 


CHAP.’ 
MVIG »), Qhwistis M. & D us My | eclipsed. 
Pumaren meme enemies eters ear 
1556 November Lpis Of 9 41 
November 16]12 44] 6 55 | 
October 20} 20°— |] * 
April Seen pg 9450 | 
April 18 [> Oboe 
April 16) 4° 50] Total 
March | | tb 15. 40] € 13 
August. | 21} 1°. 07 6 224 
September Bagi. iF 
February 13} 1g i+ | * 
February 3 (sogiii ay * 
July “:- 85115 50} Total 
january 23.) 1G Med. hy 


November 7 
October 28 
April 8 
October 17 
March 28 
March 2 


WHY UU UR UU UU BU UG VOU ee Uae Uae 


February 20| 5 46| Total 
August 15} 9.17 | Total 
January 25 | 4 — | * 
January dow ee be * 
June 25| 9 oO} 5 26 
June 28) [F180 | * 
| November 24] 4 —J]| * 
December -©8{ 6 51 | Total 
| November 13] 3 50] 5 21! 
May 19 8S — 6 
’ November 21° 5) oe] ™ 
October | 7\ 9 45 
April 21 8 33 | Total 
September 26] 13 Total 
September 15; 13 2120 
»February : 15 | 5 8 30 
August 20 | 19 + 
January 31 | 10 Total 
January ig) 9 Total 
july 15 pag Total 
January 8 | 10 0 53 
June Q | 17 7 5 
November 28 | 21 Total 


Of Eclipses. $13 
: Rictiolus’s Catalogue of Eclipses. 
After - 


_ Middle Digits 
Christ. + bees hae ee eclipidd 
1584 | | May 9119 20] 3 36 
1584 | y | Novernber 17/14 15] Total 
11585 | ts | April 9} 7 53)11 7 
1585} y | May © 13 9g} 6 54 
1586] » | September 27} 8 —j} * 
1586 | #% | October 12} Noon | * 
1587 | » | September 16/ 9 28/10 2 
1588 | # | February DG 1 23 Fe 1 SOD 
1588] y | March - 12/14 14] Total 
1588 | y | September 4117 30] ‘Total 
1589 | #, | August - 10/18 —J]| * 
1589 | 5 | August 25 Higa |! 3 e45 
1590 | #% | February 4, 5 —|] *- 
1590 | y | July 16117 4] 3° 54 
1590 | #% | July 30119 57|10 27 
1591 | » | January 9}; G& 21] 9 40] 
1591 | p | July : 6} 5 8] Total 
1591 | #% | July 201-4 2); 1..0 
1591 | y | December 29 | 16 11] Total 
1592 | y | June 24110 13} 8 58 
1592 | y» | December 18} 7 24] 5 54 
1593 | # + May 30 | 2 30} 2 38 
1594 | # | May 19 | 14..58 | 10 23 
1594 | » | October 28119 15 | 9 40 
1595 | #3 | April 9 | Ter. de| Fuego 
1595 | y | April 24} 4 12] Total 
1505 | x» | Ma 7\|22 — | * 
1595 e October SPLOT A? S18 
1595 | ) | October © 18]20 47] Total 
1596 | # | March 28 In| Chili 
1596 | p | April 12 terptesg | G 004M 
1596 | #4 | September 21 In | China 
1596 | y | October 6 | 24915 |" 3 33 
1597 | x | March 16 | St. Pet. | Isle 
1597 ty September 11 | Picora 9 49 
1598 | y | February 20;}18 12]10 55 
1598 | #5 March OP QPwis CA POSy ur 
1598 | 5 | August 161 1°15] Total 
1598 | #4 | August 31 | Magel. | 8 34 
1599 | » | February 10} 18 21 |. Total 
1599 | #% | July 22} 4 31] 8 18 
1599 | p | August 6 Total 
1600 | #% | January 15 | Java 11 48 
1600 | ) | January 30} G6 40] 2 .58 
1600 | #: | July 10} 2 10] 5 39 


4.1601 } # | January 4 | Ethiop. | 9 40 


314 
CHA Pp, ‘iw 
kohel | After’: 
XVIU , Christ 4 
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M, & D. 


res 


June 

_June 
-December® 
‘December 
May © 

. June 
June © 

_ November 
November 


November « 
Ft April | ; 
¢ | October - 
April 
April 
September 
October. 
March 
March 
=f | September 
=f | September 
+ September » 
February 
March 
September 
February 
July. 
August 
January 
_ February 
July: 
July 
December 
January 
. June 
E July 
' December 
» December 
“~ | June 
_ May 

May. ~ 
November 


eclipsed. { 


igits 


laniea. 
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Ricciolus’s Catalogue of Eclipses. 
Middle Digits 
; as elt Hy. OM. eclipsed, 
> | May 0:35 | Total 
*¢ | May East | T'artary 
#*% | October South | Amer. 
y | October 4 19}. Total 
} & | April N.Gui.} 8 44] 
yD April | 9 17,36 | 5.25 | 
#2 | October © Dep87 de bac 
October i7.| 4, (38) 4. 564 
March 29} Gea | lo 3s} 
September - 22] Salom | Isle 
March 31.1 58], Total | 
March 17.| Mexico] 6 47 | 
August 26} 15 33] Total | 
September 10 | Magel. | 10.33 
February 5 | Magel jlanica 
February 20|.1 491{ Total 
March 6|22 — 
August 1 | Biarmia | * 
August 16} 8 22) Total. 
January 16 | Magel 1 
February . 9g |'.3,, 29 
July 21 |, Mexico 
January 15/|.., Califor] nia 
June — «26 {122 404, 5 
July 11 | Africa 
December 204°:19, 53 
May | 31 |. Arctic 
June 14 | 13 47 
June 29 Magel. 


December g| 9 39 
December 23 


ay 990 | 14 54 
June 3:4.29)¢ 42 
November 13} Magel 
November 28|15 43 

ay 19 | C. Verd 
November 2 Malac 
April 14] 7 19 
April 29 
October 8} O 22 
October 23 | Califor 
May 18 | N.Zem 
April Sb Seto 
April 17 | Antar 


VRS i Vi vi i we 1 ie ve ie v be i i i a 


September 


GHAP, 
sided 
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After 
| Christ 
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| 


 femeememesaak 


1625 | %% | March 


1625 
1625 
1625 
1626 
1626 
1626 
1627 
1627 
1627 
1627 
1628 
1628 
1628 
1628 
1628 
1629 
1629 
1629 
1630 
1630 
1630 
1630 
1631 
1631 
1631 
1631 
| 1632 
1632 


1632 


1632 
1633 
1633 
1634 
| 1634 


| 1034 
| 1634 


; 1635 |. 


1635 
1635 
1635 
1635 


1 1636 


1636 
1636 


} 1636 


») 


ce 
ee | 


| March 
September 


February 
| August 
August 
' January 
: February 


| July 


August 
. January . 


| January 


' July 
July 
December 
| January 
i June 
' December 
May 
June 
November 
December 
April 
May 
October 
November 
April 
May 
October 
October 
April 
October 
March 
March 
September 
September 
February 
M arch 
March 
August 
August 


| February 


February 
August 
August 


mM. & D. 


- Middle 
H. M. | eclipsed. 
Florida . 
14 #1] 2 “ADT 
- St. Pe} ter’s Isle 
1] 41 5 6 
Madag.| 8 27 
Tia O 25 
In (Mexico 
11. 88 } 10 24 
Magel | lanica 
9 41 Total 
Tenduc | 10. O 
Tenduc| 5 40} 
10 11] Total 
C. Good | Hope 
11 26| Total 
In Eng | land 
P30 4 Vie7 
Gange | 11 25 
Peru 10. 14 
17 56} 6 O 
7 47; 9 8 
11 24) 9 27} 
N.Guin.}| 10 10 
Antar. | Circle 
g 15 | Total 
C. Good | Hope 
12 o| Total 
C. Good | Hope 
1 24} 6 35 
Mexico | 8 37 
13.23 5°, 3 
5 14 4 30 
Maldiv. | Total } 
9 35/11 18 
Japan | 10° 19 
5 OO] Total | 
C.G.H.}| g 54 
Antar. Circle 
9 26; Total 
Mexico: 9 16 
Iceland! 5 O 
16 4 Total 
| In Peru 
11 34; o 2:28 
a | Bana 11 20 
ASF | 


Digits 


1 25 
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Ricctolus’s Catalogue of Eclipses. 
| After) |. «a. | Middle | Digits] yy, 
Christ. | . | «dink | H. OM. eclipsed: ee 
| January 26 | | 
#* | July 21} Jucutan 
) | December 31} 0 44 
#% | January 14 | Persia 
p> | June 25,20 17 
# | July 11 | § Mag- 
# | December 5 fees 
py | December 20} 15 16 
# | January 4 | Tartary 
z | June 1 5 294 
> | June 15 | 2 41 
*+ | November 24] Magel. 
) } December 9} 11 57 
ts | May 20 | N. Spa. 
-#% | November 13 | Peru 2 
> | April 254 1 
i | May | g| Peru 
) {. October 
*% | November 
** | March 
D | April 
# | September 
» | October 
% | March 
> | April 
%* | September 
) | September 
# | March 
w= | August 
) | February 
#* | February 
) | August 
*% | August 
*% | January 
> |} January 
% | July 
> | July 
1647 | #8 | January 
1647 | D) | January 
1647 | & | July 
1047 | #* | December 
1648 | p | June 
1648 | *% | June 
1648 | ) | November 
1648 | | December j 
1649} y i May ; 
sak A Enea 7 
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Digits 


i a GPs eclipsed. 


June 
November 
November 


May. 
October 
November 
April 
October 
March 
April 
September 
October 
February 
March 
August 
September 
February 
March 
August 
August | 
February 
August 
August 
January 
July 
July’ 
December- 
. June 
June ‘ 
December 
December 
May 
June 
November 
November 
May 
May 
October 
November 
April 
October 
October 
November 
March 
April 
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Ricciolus’s Catalogue of Eclipses. 
After | Middle Digits 
Christ. vada: i.) does | ledlipesd 
1661 | & | September 23] 1 36] 11 
1661 | ) | October aiid. 51.1 7 
1662 & March 19/15, 8 
1662 | #: | April - oe ee ik ae 
1663 | ) | February 21) 1G, 11 |) Ban 
1603 | #* | March 9| 5 47 
1603 | ) | August 18]. 8 45.|} Total 
1063 | i September 1 1.87) 8 
1004 | &S | J anuary 27|20 40} —-—— 
1664. Dd... February iBT Be AG) pee 
1664 | % July 93|. Dy AS.) pe 
1664 | % | August 20 | 22 10 
1665} > | January 30|18 47] 3 34 
1665 | %# July. 72:1 7" 48 7 
1665 | > | July 26|13 31] 9 10 
1000 | 33% | January 4121 33 
1066 | #1 July 1/19 Oj 11 10 
1667 | ) June 5 Noon 
1067 r July 21 2, G2, 
10607 | # | November 15] 11 30 
1008 | x May 10 | Setting 
1668 | y May 25 |16 264 9. 32 
1668 | %£ 1 November 4) 2 53) 9 50 
1068} > | November 18] 3 54] 6 45 
1669 | 8 | April 99 | 18 18 
1609 | #% | October 24°} 10) 13) | rem 
1070. | #% | April 19 |) | Od ae 
1070| #% | September 10] 19 O}] ———— 
1070 | ) | September 28415 43} 9 7 
1670 | #* | October 13-826 | 3 Pee 
1071 | & | April g | 23 29 
1071 | 2% | September 2,21 25 
1671] ) | September 18] 7 44 | Total 
1672 | #4 | February 28 | 3 38 
1072 | y | March © 34S" 17 
1072 | #% August 22° 9 8Y Aat) Pipe 
1072 | » | September SUS” 545) Fae 
1673 | #4 | February LO NE 2a ae 
1073 | es | August 1S A itd ed Se ta 
1074 | 2x | Febmaary FN | 4 | 
1674 | » | July 17} 9 40} Total 
1075 | y | January it] 8 291] Total 
16075 | #y | January 25} 10 36 
1675 | ) | July ‘6 | 16 31 | Total 

| June : 


*1 1676 


CHAP. 
XVIII, 


Nemes scan 8 


ga 
abt - 
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Aiter 


HAP. Digits 
‘ VIli. | Christ. eclipsed. 
—— || 


December 4/120 52 
“November 94°) TF" WS 
m 


September’ 22} 7 57 
March 4} Noon 

March’. 49 | 13. -49: 
August Ie I, 2S 
September 11/15 43 
February 21} 12 28 
August 17 |18 56 
January 27 | eh. 35 
February 9} 3 39 
August — 6 | 20 36 
January 161} 6 34 
June 26,15 18 
July 12 |y 4, 26 
December 21] 11 18 
January 4116 0 
June 16} 6 O 
May - 24 thee &O 
June 6 | Noon 


“November 29 


October 25 | 19 40 

April 4| 7 42 

September 28/15 40 
| March 10 

March 24|}11 14 


September Buh 
September 18 j| 


December 10] 11 206 


February 27 | 17,1 30 

August 23.) 5. 51 

February- Qabndi 20 

February 16|17 31 . 

July 27116 Qg| Total f. 
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| Ricciolus’s Catalogue of Eclipses. . 


Middle Digits 
ist. | | Hae H. M. Uncen 
January 21 | 17; 25.1 .-2L etal 
July 17 | Noon 
January 1i | Noon 
June 221: dev224" GO ao 
Pulys ts, ~6113 $1 O 47 
May ke ot ois ora: 
May 28 | Noon 
November 20} 8S Oj; 6. 55 
December Sark Tes 7 
May Wh Gy 420454. Lotal 
May 30] 12 56 


November 8|17 30| Total 
November 231k ‘Ly Hie? 


VV OUOVOOy VEGvaraLLaLaL Le | 


April 20} 14 32 
May 5 Aph8); 27 
October 290} 8 44] 8 54 
April 10| 9 13 
October 3],15  29|!—— 
March 134 Ss Aa TZ, 
March 30 | 22 0 
September 8.) 23) 22 
September 23 | 22 38] 9 58 
March Re Ge eee Ae 
August 291 1 42 
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CHAP The Eclipses from Strruyx were observed ; those from 
XVIIL | Riecroxvs calculated: the following from L’Art de veri- 
‘== fier les Dates, are only those which are visible in Europe 
for the present century: those which are total are mark- 

_ ed witha T; and ™M signifies morning, and 4 afternoon. 


Visible Eclipses from 1700 to 1800. 


Time of | Months | ‘Time of 
the Day an and | the Day 
or Night uy Days.- | or Night. 


17011 p (Feb. 22|11 A. 1720|p|Aug. 9} 1 M. 
-|1703|) Jan. - 3] 7 M. |1730/p Feb. 4) 4 M. 


20) 2 M. 
1703) y |\Dec. 23) 7 M 110 A. T. 
Drain Gi tae gry 13) 7 ‘AS 
1706) y.|April 28} 2 M. 28) 7 A. 
| ay 12|10 M. 2| 1M. 
ct MOA AS 26/12 A. T. 
17|2 M. 20| 3 M. T. 
6 M. 416 A. 
8 M. 4A. 
QuAs - 9 4 M. 
2 A. - 15/11 M. 
1 A. 24/11 A. 
wan. oh MT OAL 
8 A. - 309 M. 
Gus Ws AAT 
8 A. 1] 2A. 
6 A. . a3sM.T. 
4M. 26, 9 A. 
g M. 30,12 A. 
5 M. 14,5 M. T. 
3 M. 25\11 M. 
6 A. 812 A. 
8 A. , 231 8 A. 
Q A. 8) 9 M. 
3 A. ) 191.On A. 
3 M. 13} 7 M. 
3 A. go} 2 M, 
/ 4A A. 2/10 A, 
Tes i|May 13) 8A, 
4M. {|11753| )|April17| 7 A. 
RON Oct. 2610 M, 
6 A. |1755| ) |Mar. 28} 1 M. 
5 M. 416 M, 
7M. 1757, D July 3012 A, 
9 A. 7M. 


Ss 
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Visible Eclipses from 1700 to 1800.* : 


Months | ‘Time of AE Months | ‘Time of 
and | the Day |. ate and the Day 
Days = or Night. t.| Days. | or Night 


- 30 7 M. 111779.) |May 30) 5 M. 7. 
24 7 A. |H779#\June 14/39 M. 

- 19,2 A. 1779 y|Nov. 23} 8 A. 
297 A. |11780 ¢4'Oct. 27| 6 A. 
13! 9 M. 1780, y |Nov. 12) 4 M. 

. 22) g A. 11781; e4\April 23} 6 A. 
1811 A. T1781} ¢s\Oct. 17) 8 M. 

814 M, 11782) y |April 12) 7 A. 
17,8 M. |/1783] p|Mar. 181 9 A. T. 
1) 3 A. 1783] p|Sept. 1011 A. T. 

| 8 M. MM 713 M. 
1764) #)/April 1110 M. g| 1 A. 
1764] p |April 16, 1 M. 312 A. T. 
17065\#%|Mar. 21; 2 A. 19}0 M. 

Se 16 5 A. |1787|#3\June 15] 5 A. 

- 24,7 A. 111787) p|Dee. 24) 3 A. 

g. 57 A. 4| 9 M. 
415 M. D 2112 A. 
30, 4 M. 7.1790 p [April 2812 A 7. 
23) 4 A. T./1790) p |Oct. 23/ 1 M. T. 
4,8 M,  |11791)#4/April 3) 1 A. 

. 13] 7M. 12| 3 M. 

. 17110 M. Sept. 1611 M. 

i 28 2M, || 25\10 A. 
2315 A.  |i1793/e3/Sept. 5) 3 A. 
w6A. T) % Shia. 
2610 M. |. 14/11 A, T. 
23| 5M. |: 25, 5 A. 
30\.7 As. o| 4| 1M. 
1210 M. 16,9 M.: 
31,1 M. 71 31, 8 A. 
14,5 M. 25\ 8 A, 

QG 5A 4.6 M. 


aso 


24.4.4, 1708 y |May a7l > A, 
4,6 M. {1800)p|Oct. 2/11- A. 


* See the Supplementary Chapter on Eclipses, Vol. ii, 
for a Catalogue of Eclipses from 1800 to 1900. 
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~, 828. A List of Eclipses, and historical Events, which hap- 


pened about the same times, from Ricciotvs. 


Before Christ. yi | 
7A July 5| But according to an old calendar, 
| {this eclipse of the Sun was on the 215* 
me of April, on which day the founda- 
tions of Rome were laid; if we may 
believe Taruntius F irmanus. 
72\\March 19) A total eclipse of the Moon. The 
Assyrian empire at an end; the Ba~- 


bylonian established. 
Historical 585|May 28} An eclipse of the Sun foretold by 
eclipses, Thales, by which a peace was brought 
Qe about between the Medes and Lydi- 


ans. 

523July 16) Aneclipse of the Moon, which was 
followed by the death of Cambyses. 

502\Nov.' 19} Aneclipse of the Moon, which was 
followed by the slaughter of the Sa- 
bines, and the death of Valerius Publi- 
cola. 

AGSApril SO| Aneclipse of the Sun. The Per- 
sian war, and the falling off of the Per- 
sians from the Egyptians. 

A31\April 23] An eclipse of the Moon, which was 
followed by a great famine at Rome ; 
and the beginning of the Peloponne- 
sian war. 

A3l\August 3| A total eclipse of the Sun. A co- 
met and plague at Athens. 

A13|August 27) A total eclipse of the Moon. Nicias 
with his ship destroyed at Syracuse. 

394|August 14) An eclipse of the sun. The Persi- 
ans beat by Conon in a sea engage- 
ment. 

168June 21] A total eclipse of the Moon. The 
next day Perseus king of Macedonia 
was conquered by Paulus Emilius. 


* This eclipse happened in the first year of the Pelo~ 


ponnesian war. 
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After Christ. . 
59|April 30| An eclipse of the Sun. This is © 
reckoned among the prodigies, on ac- 
count of the murder of Agrippinus by 
| Nero. 
237|April 12} A total eclipse of the Sun. A sign 
that the reign of the Gordiani would 
not continue long. A sixth persecu- 
tion of the Christians. 
306July 27} Aneclipse of the Sun. The stars 
were seen, and the emperor Constan- 
tius died. 
840|May 4| A dreadful eclipse of the Sun. And 
Lewis the Pious died within six months 
after it. 
_1009,——--—_| An eclipse of the Sun. And Jeru- 
salem taken by the Saracens. 
ies August 2| A terrible eclipse of theSun. The 
stars were seen. A schism in the 
church, occasioned by there beng 
three Popes at once. 


329. I have not cited one half of Ricciolus’s The super- 
list of portentous eclipses ; and for the same rea- pearl 
son that he declines giving any more of them ro 
than what that list contains; namely, that it is to aoe 
most disagreeable to dwell any longer on such 
nonsense, and as much as possible to avoid tiring — 
the reader: the superstition of the ancients may 
be seen by the few here copied. My author 
farther says, that there were treatises written 
to shew against what regions the malevolent 
effects of any particular eclipse were aimed : and 
the writers affirmed, that the effects of an eclipse 
of the Sun continued as many years as the eclipse 
lasted hours; and that, of the Moon as many 
months. 

330. Yet such idle notions were once of no Very for- 

tunate once 


small adwantage to Christopher Columbus, who, gr Christo. 
in the year 1493, was driven on the island of pee 


uMpus. 
AS 


CHAP. 
XVI. 


‘emer peed 
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Jamaica, where he was in the greatest distress for 
want of provisions, and was moreover refused any 
assistance from the inhabitants; on which he 
threatened them with a plague, and told them, 


that in token of it there should be an eclipse: 


which accordingly fell on the dayhe had fore- 
told, and so terrified the barbarians, that they 
strove who should be first in bringing him all 
sorts of provisions; throwing them at his feet, 
and imploring his forgiveness. — Ricciolus’s 


. Almagest, vol. i, 1. v, c. il. 


Why there 


are more 
visible 
eclipses of 
the Moon 


331. Hclipses of the Sun are more frequent 
than those of the Moon, because the Sun’s ecliptic 
limits are greater than the Moon’s, § 317: yet 


than of the We have more visible eclipses of the Moon than 


Sun, 


PLATE XI, 


Fig 1. 


Total and 
annular 
eclipse: of 
the Sun. 


of the Sun, because eclipses of the Moon are 
seen from all parts of that hemisphere of the 
Earth which is next her, and are equally great 
to each of those parts; but the Sun’s eclipses 
are visible only to that small portion of the he- 
misphere next him whereon the Moon’s shadow 
falls ; as shall be explained by and by at large. 
332. The Moon’s :orbit being elliptical, and 
the Earth in one of its focuses, she is once at her 
least distance from the Earth, and once at her 
greatest in every lunation. When the Moon 
changes at her least distance from the Earth, and. 
so near the node that her dark shadow falls upon 
the Earth, she appears big enough to cover the 
whole’ disc of the Sun from that part on which 
her shadow falls; and the Sun appears totally 


* Although the Sun and Moon are spherical bodies, as 
seen from the Earth, they appear te be circular planes ; 
and so would the Earth do, if it were seen from the lvioon. 
The apparently flat surfaces of the Sun and Mooff are call- 
ed their discs by astronomers. 
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eclipsed there, as at 4, for some minutes: but CHAP. 
when the Moon changes at her greatest distance , sth ’ 
fromthe Earth, and so near the node that her 

dark shadow is directed towards the Earth, her 
diameter subtends a less angle than the Sun’s : ; 

and therefore she cannot hide his whole disc from 

any part of the Earth, nor does her shadow reach 

it at that time ; and to the place over which the 

point of her shadow hangs, the eclipse i is annular, 

as at B; the Sun’s edge appearing like a lumin- 

ous ring all around the body of the Moon. When 

the change happens within 17 degrees of the 

node, and the Moon at her mean distance from 

the Earth, the point of her shadow just touches 

the Earth, and she eclipseth the Sun totally to 

that small spot whereon her shadow falls ; but 

the darkness is not of a moments’s continuance. 

333. The Moon’s apparent diameter when Thelongest 
largest exceeds the Sun’s when least, only 1 =a 
minute 38 seconds of a degree: and in the GRCHEE < of the 
est eclipse of the Sun that:can happen at any time 
and place, the total darkness continues no leng- 
er than whilst the Moon is going 1 minute 38 
seconds from the Sun in her orbit, which is about 
3 minutes and 13 seconds of an hour.’ 

334. The Moon’s dark shadow covers ani Pi how 
spot on the Harth’s surface, about 180 English much ofthe 
miles broad, when the Moon’s diameter appears sun may be 
largest and the Sun’s least; and the total dark-'''3,° 


eclipsed at 
once, 


» It appears from the accurate observations of moderna 
astronomers that the Sun’s apparent diameter when small- 
est is 31’ 29”, and that the Moon’s diameter when largest 
is 33' 34”. Total darkness, therefore, may continue 4 
- minutes 6 seconds, as in this time the Moon moves through 
the space of 2’ 5”, the difference between the Moon’s 
greatest and the Sun’s least diameter.—Eb. 

I 
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CHAP. Ness can extend no farther than the dark shadow 
XVII- covers. Yet the Moon’s partial shadow or pe- 
~ numbra may then cover a circular space 4900 
miles in diameter, within all which the Sun is more 
or less eclipsed, as the places are less or more 
distant from the centre of the penumbra. When 
the Moon changes exactly in the node, the pe- 
numbra is circular on the Earih at the middle of 
the general eclipse; because at that time it falls 
perpendicularly on the Earth’s surface: but at 
every other moment it falls obliquely, and: will 
therefore be elliptical, and the more so, as the 
time islonger before or after the middle of the 
general eclipse; and then much greater portions 
of the Earth’s surface are involved in the penum- 
bra. f 
Durationof 335, When the penumbra» first touches the 
geno’ 22" Earth, the general eclipse begins : when it leav 
particular wart, 5 Pp § Ww caves 
eclipses. the Harth, the general eclipse ends: from the 
beginning to the end the Sun appears eclipsed in 
some part of the Earth or other. When: the pe- 
numbra touches any place, the eclipse begins. at 
that place, and ends when the penumbra leaves 
it. When the Moon changes in the node, the 
penumbra goes over the centre of the Earth’s 
disc as seen from the Moon ; and censequently, 
by describing the longest line possible on the 
Kvarth, continues the longest upon it; namely, 
at a mean rate, 5 hours 50 minutes: more, if 
the Moon be at her greatest distance from the 
Earth, because she then moves slowest ; less, if 
she be at her least distance, because of her quick- 
er motion. mv 
336. To make the last five articles and several 
Piare X1,other phenomena plainer, let S be the Sun, £ 
ig. the Earth, WM the Moon, and 4 / P the Moon’s 
orbit. Draw. the right line /’c¢ 12 from the 
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western side of the Sun at WV, touching the west- CHAP. 
ern side of the Moon at c, and the Earth at 12; *V | 
draw also the right line Yd 12 from the eastern 
side of the Sun at , touching the eastern side 
of the Moon at d, and the Earth at 12: the dark 
space c e 12 d included between those lines is the 
Moon’s shadow, ending in a point at 12, where TheMoon’s 
it touches the Earth; because in this case the eee } 
Moon is supposed to change at M in the middle 
between 4 the apogee, or farthest point of her 
orbit from the Earth, and P ‘the perigee, or 
nearest point to it. For, had the point P been 
at JM, the Moon had been nearer the Earth; and 
her dark shadow at e would have covered a space 
upon it about 180 miles broad, and the Sun would 
have been totally darkened, as at 4 (Fig. 1), 
with some continuance: but had the point 
A (Fig. 2), been at MM, the Moon would have 
been farther from the Earth. and her shadow — 
would have ended ina point about e, and therefore 
the Sun would have appeared, as at B (Fig. 2), andpenum- 
like a luminous ring all around the Moon. fi 
Draw the right lines WX dh and V aw cg, 
touching the contrary sides of the Sun and 
Moon, and ending on the Earth at a and b: 
draw also the right line S_X M 12, from the 
centre of the Sun’s disc, through the Moon’s 
centre to the Earth at 12; and suppose the two 
- former lines WX dh and V Xc g to revolve on 
- the line $XM/ 12 as an axis, and their points a 
and b will describe the limits of the penumbra 
ZT on the Earth’s surface, including the large 
space 2 O 6 12 a; within which the Sun appears 
more or less eclipsed, as the places are more 
or less distant from the verge a0 & of the pe- 
numbra. 
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cuap. Draw the right line y 12 across the Sun’s disc, 
XVIII. perpendicular to SXM, the axis of the penumbra: 
pigits, then divide the line y 12 into twelve equal parts, 
what, as in the figure for the twelve digits of the Sun’s 
diameter : and at equal distances from the cen- 
tre of the penumbra at 12 (on the Earth’s sur- 
face Y Y) to its edge a0 b, draw twelve concen- 
tric circles, as marked with the numeral figures 
1234, &c. and remember that the Moon’s 
motion in her orbit 4 MP is from west to east, 
as from s to ¢. -'Then, 
The differ- | To an observer on the Earth at 4, the eastern 
ent phases Jimb of the Moon at d seems to coiuielt the west- 
eclipse. ern limb of the Sun at W, when the Moon is at 
M ; and the Sun’s eclipse begins at 4, appearing 
as at fin Fig. 3 at the left hand; but, at the 
same moment of absolute time to an observer at 
a in Fig. 2, the western edge of the Moon at c 
leaves the eastern edge of the Sun at V, and the 
eclipse ends, as at the right hand C of Fig. 3. _ 
At the very same instant, to all those who live 
on the circle marked 1 on the Earth £ in Fig. 2 
the Moon M cuts off or darkens a_ twelfth 
part of the Sun §, and eclipseshim one digit, as — 
at 1 in Fig. 3: to those who live on the circle 
marked 2 in Fig. 2, the Moon cuts off two 
twelfth parts of the Sun, as at 2 in Fig. 3: to 
those on the circle 3, three parts; and so on to 
the centre at 12 in Fig. 2, where the Sun is cen, 
Fig. 3- _ trally eclipsed, as at B in the middle of Fig. 35 
under which figure there is a scale of hours an 
minutes, to shew at a mean state how long it is 
from the beginning to the end of a central 
eclipse of the Sun on the parallel of London ; 
and how many digits are eclipsed at any particu- 
lar time from the beginning at 4 tothe middle 
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at B, or the end at C.. Thus, in 16 minutes. cuap. 
from the beginning, the Sun is two digits eclips- *V! 
ed; in an hour and and five minutes, eight 
digits; and in an hour and thirty-seven minutes, 
12 digits. | 

337 By Fig. 2 it is plain, that the Sun is 
totally or centrally eclipsed but to a small part 
of the Earth at any time ; because the dark coni- 
cal shadow e of the Moon & falls but on a small Fig, 2. 
part of the Earth: and that the partial eclipse is 
confined at that time to the space included by 
the circle a0 4, of which only one half can be 
projected in the figure, the other half being sup- 
posed to be hid by the convexity of the Earth 
£: and likewise, that no part of the Sun is 
eclipsed to the large space Y Y of the Earth, be- The velo- 
cause the Moon is not between the Sun and any penne 
of that part of the Earth: and therefore to all shadow on 
that part the eclipse is invisible. The Earth"®**"*™ 
turns eastward on its axis, as from g to A, which 
is the same way that the Moon’s shadow moves : 
but the Moon’s motion is much swifter in her 
orbit from s to ¢: and therefore, although 
eclipses of the Sun are of longer duration, on ac- 
count of the Earth’s motion on its axis, than 
they would be if that motion was stopped, yet in 
four minutes of time at most, the Moon’s swifter 
motion carries her dark shadow quite over any 
place that its centre touches at the time of great- 
est obscuration. ‘The motion of the shadow on 
the Earth’s disc is equal to the Moon’s motion 
from the Sun, which is about 302 minutes of a 
degree every hour at a mean rate; but so much 
of the Moon’s orbit is equal to 304 degrees of a 
great circle on the Earth, § 320; and therefore 
the Moon’s shadow goes 30} degrees, or 1830 
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ee geographical’ miles on the Earth in an hour, or 

* 302 miles in a minute, which is almost four 
times as swift as the motion of a cannon ball. 

338. As seen from the Sun or Moon, the 

Earth’s axis appears differently inclined every 

day of the year, on account of keeping its paral- 

Fig. 4 Jelism throughout its annual course. Let £, D, 

O, N, be the Earth at the two equinoxes and the 

two solstices, NV S its axis, NV the north pole, § 

the south pole, 44 Q the equator, T’ the tropic: 

of Cancer, ¢ the tropic of Capricorn, and 4 BC 

Phenome- the circumference of the Earth’s enlightened disc 

ha of the as seen from the Sun or new moon at these 

seen from times. ‘The Earth’s axis has the position NE § 

the Sun of at the vernal equinox, lying towards the right 

at different hand, as seen from the Sun or new moon; its 

in poles Wand § being then in the circumference 

of the disc ; and the equator and all its parallels 

seem to be straight lines, because their planes 

pass through the observer’s eye looking down 

upon the Earth from the Sun or Moon directly 

over /, where the ecliptic £ G intersects the 

equator 4. At the summer solstice, the Earth’s 

axis has the position V DS and that part of 

the ecliptic FG, in which the Moon is then new, 

touches the tropic of Cancer 7 at D. The 

north pole NV at that time inclining 23; degrees 

towards the Sun, falls so many degrees within 

the Earth’s enlightened disc, because the Sunis _ 

then vertical to D, 23% degrees north of the 

equator  Q; and the equator with all its pa- 

rallels seem elliptic curves bending downward, 

or toward the south pole, as seen from the Sun: 

which pole, together with 232 degrees all round 

it, is hid behind the disc m the dark hemisphere 

of the Earth. At the autumnal equinox, the 

Earth’s axis has the position N OS, lying to the 
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- Jeft hand as seen from the Sun or new Moon, cHap. 
. : : -s. XVIIL 
which are then vertical to O, where the ecliptic bic 


cuts the equator 4 Q. Both poles now lie in 
the circumference of the disc, the north pole just 
going to-disappear behind it, and the south pole 
just entering into it; and the equator, with all its 
parallels, seem to be straight lines, because their 
planes pass through the observer’s eye, as seen 
from the Sun, and very nearly so as seen from 
the Moon. At the winter solstice, the Earth’s 
axis has the position WV NS; when its south pole 
S inclining 232 degrees towards the Sun, falls 
23+. degrees within the enlightened disc, as seen 
from the Sun or new moon, which are then ver- 
tical to the tropic of Capricorn t, 232 degrees 
south of the equator  Q; and the equator, 
with all its parallels, seem elliptic curves bending 
upward ; the north pole being as far hid behind 
the disc in the dark hemisphere, as the south pole 
is come into the light. The nearer that any time 
of the year is to the equinoxes,.or solstices, the 
more it partakes of the phenomena relating to 
them. 7 
339. Thus it appears, that from the vernal 
equinox to the autumnal, the north pole is en- 
lightened; and the equator and all its parallels 
appear elliptical as seen from the Sun, more OF Various po- 
less curved at the time, is nearer to or farther sacri 
from the summer solstice; and bending down-ixisas 
wards, or towards the south pole ; the reverse of se" from, 
which happens from the autumnal equinox to the different 
vernal. A little consideration will be sufficient ts ofthe 
to convince the reader, that the Earth’s axis in- a 
climes towards the Sun at the summer solstice ; 
from the Sun at the winter solstice; and side- 
wise to the Sun at the equinoxes; but towards 
the right hand, as seen from the Sun at the ver- 
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A cHaP. nal equinox; and towards the left hand at the 
» ¥VI- ‘autumnal From the winter to the summer’ sol- 
stice, the Earth’s axis inclines more or less to the 
right hand, as seen from the Sun; and the con- 
trary from the summer to the winter solstice. 
How these 340, The different positions of the Earth’s 
Berens axis, as seen from the Sun at different times of 
eclipses. the year, affect solar eclipses greatly with regard 
to particular places; yea so far as would make 
central eclipses which fall at one time of the 
year invisible if they fell at another, even 
though the Moon should always change in the 
nodes, and at the same hour of the day: of which 
indefinitely various affections, we shall only give 
examples for the times of the equinoxes and 
solstices. 
vig.4, In the same diagram, let FG be part of the 
~ ecliptic, and JK, ik, 7h, ik, part of the Moon’s 
orbit, both seen edgewise, and therefore project- 
ed into right lines, and let the intersections JV, 
O, D, E, be one and the same node at the above 
times, wien the Earth has the fore-mentioned dif- 
ferent positions ; and let the spaces included by 
the circles P, p, p, p, be the penumbra at these 
times, as its centre is passing over the centre of 
the Earth’s disc. At the winter solstice, when 
the Earth’s axis has the position NV NV 8, the cen- 
tre of the penumbra P touches the tropic of Ca- 
pricorn ¢ in N at the middle of the general | 
eclipse; but no part of the penumbra touches 
the tropic of Cancer 7. At the summer solstice, 
when the Earth’s axis has the position NDS 
(i Dk being then part of the Moon’s orbit, 
_ whose node is at D), the penumbra p has its 
centre at D, on the tropic of Cancer 7, at the 
middle of the general eclipse, and then no part 
of it touches the tropic of Capricorn t. At the 
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autumnal equinox, the Earth’s axis has the po-: crap. 
sition N O § (i O & being then part of the *VUIl 
Moon’s orbit), and the penumbra equally in- ~~~ 
cludes part of both tropics T and ¢ at the middle 

of the general eclipse: at the vernal equinox it 

does the same, because the Earth’s axis has the 
position N & §: but, in the former of these two 

last cases, the penumbra enters the Earth at 4, 
north of the tropic of Cancer 1), and leaves it at 

m, south of the tropic of Capricorn t; having 

gone over the Earth obliquely southward, as its 
centre described the line 4 Om: aieaiass in 

the latter case, the penumbra touches the Earth 

at m, south of the equator  Q, and describing 

the line x E q (similar to the former line 4 Om 

in open space), goes obliquely northward over 

the Earth, and leaves it at g, north of the equa- 

tor. 

In all these circumstances, the Moon has been 

supposed to change at noon in her descending 
node: had she changed in her, ascending node, 
the phenomena would have been as various the 
contrary way, with respect to the penumbra’s 
going northward or southward over the Earth. 
But because the Moon changes at all hours, as 
often in one node as in the other, and at all dis- 
tances from them both at different times as it 
happens, the variety of the phases of eclipses are 
almost innumerable, even at the same places ; 
considering also how variously the same places 
are situated on the enlightened disc of the Earth, 
with respect to the penumbra’s motion at the 
different hours when eclipses happen. | 

341. When the Moon changes 17 Heerens a bhi 
short of her descending node, the penumbra P tes 
18 just touches the northern part of the Harth’s falls or the 


at 


disc, near the, north pole V; and as seen from different 


° 
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cuap. that place, the Moon appears. to touch the Sun, 
VI but hides no part of him from sight. Had the 
distances Change been as far short ef the ascending node, 
seth the. ai penumbra would have touched the southern 
part of the disc near the south pole §. When 
the Moon changes 12 degrees short. of the de- 
scending node, more than a third part of the pe- 
numbra J? 12 falls on the northern parts of the 
Earth at the middle of the general eclipse: had 
she changed as far past the same node, as much 
of the other side of the penumbra about P would 
have fallen on the southern -part of the Earth ; 
all the rest in the expansum or open space. 
When the Moon changes 6 degrees from the 
node, almost the whole penumbra P 6 falls on 
the Earth at the middle of the general eclipse. 
_. And lastly, when the Moon changes in the node 
+ at N, the penumbra P WN takes the longest course 
possible on the Earth’s disc ; its centre falling on 
the middle thereof, at the middle of the general 
‘eclipse. ‘The farther the Moon changes from 
either node, within 17 degrees | of it, the shorter 
is the penumbra’s continuance on the Earth, 
because it goes over a less portion of the aise 
as is evident by the figure. 

TheEarth’s 942. The nearer that the penumbra’s centre 
con length is to the equator at the middle of the general 
ens the du- eclipse, the longer is the duration of the eclipse 
ie 2 at all those places where it is central ; because, 
which tail the nearer that any place is to the equator, the 
Bei greater is. the. circle i it describes by the Earth’s 
‘Ics motion on’ its axis: and so, the place moving 
quicker, keeps longer in the penumbra, whose 
motion is the same way with that of the place, 

though faster, as has been already mentioned, 
§ 337.. Thus, (see the Earth at D and the pe- 
numbra at 12), whilst the point b in the polar 
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circle abc dis carried from b to c by the Farth’s cHar., 
diurnal motion, the point d'on the tropic of Can-, *""™" 
cer J’is carried a much greater length from d- 

to D~ and therefore, if the penumbra’s centre 

goes one time over (and another time over D, 

the penumbra will be longer in passing over 

the moving place d than it was in passing over 

the moving place 4. Consequently, central 
eclipses about the poles are of the shortest dura- ’ 

tion; and about the equator the longest. 

343. In the middle of Simmer, the whole fri- And short- 
gid zone included by the polar circle abcd ome? bead 
enlightened ; and if it then happens that the pen- some which 
umbra’s centre goes oyer’ the north pole, the inecu.” 
Sun will be eclipsed much the same number of «ls, 
digits at a as at ¢; but whilst the penumbra 
moves eastward: over c, it moves westward over 
a, because, with respect to the penumbra, the 
motions of a and ¢ are contrary ; for ¢ moves the 
same way with the penumbra towards d, but a 
moves the contrary way towards 4; and there. 
fore the eclipse will be of longer duration at ¢ 
than ata. At a the eclipse begins on the Sun’s 
eastern limb, but at c on his western; at all pla- 
ces lying without the polar circles, the Sun's 
eclipses begin on his western limb, or near it, and 
end on or near his eastern. At those places 

where the penumbra touches the earth, the eclipse 
begins with the rising sun, on the top ‘of his west- 
ern or uppermost edge ; and at those places where 
the penumbra leaves the Earth, the eclipse ends 
with the setting Sun, on the top of his eastern 
edge, which is then the uppermost, just at its dis- 
appearing in the horizon. 

344. If the Moon were surrounded by an at- The Moon 
mosphere of any considerable density, it would hss no at- 
seem to touch the Sun a little before the Moon aaa 

Vol, J. 
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cHAP. made her appulse to his edge, and we should. see 
xVi alittle faintness on, that. edge before it were 
eclipsed by the Moon : but as no such faintness 

has been.observed, at least so far.as I ever-heard, 

it seems plain, that the.moon has. no such, atmo- 
sphere as that of the Earth. , The faint ring of 

light surrounding the Sun jin total eclipses, called 

by Cassini, da Chevelure du Soleil, seems to be the 
atmosphere of the Sun ; because it has been ob- 
served to,move equally. with the PUM, and not 

with the Moon,’ 
Ecliptesof 345. Having been. Fe) prolix concerning saener 
the Moon. of the Sun, we shall drop that subject, at present, 
and proceed to, the. doctrine of lunar eclipses $ 
which, being. more ase may be explained 1 in 
less time, 

That. the Moon can never be ‘eclipsed but at 

the time of her being full, and the reason why 

Prate XI. she is not eclipsed. at every full; has been shewn 
already, § 316, 317.;.Let § be the Sun, £. the 
‘Fig. 2.Barth, RA the "Earth’s shadow, and B.the Moon 
"IN. opposition to the Sun: in this situation the 
Earth Jptercepts the Sun’s light in its ay to ve 
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‘shadow at uv, she begins to, be. ‘eclipsed on Ha 
eastern limb w, and continues eclipsed. ‘until her 
western limb y leaves the shadow at w ; at, B she 
is in the middle of the shadow, and consesmently | 
in the middle of the eclipse. 

346, The Moon when totally, eclipsed. i is, not 
invisible, if she be above the horizon, and the 
sky be clear; but appears generally of a dusky 
colour like tarnished copper, which some have _ 

Why the _ thought to be the Moon’s native light. But the 
meg true cause.of her being visible, ,is the scattered 
tal eclipse. beams of the Sun, bent into the Earth's shadow 


> See page 22, Note. Lao’ 
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by going through the atmosphere ; which, being cnaP. 
more dense near the Earth than at dontidarable XVIII. 
heights above it, refracts or bends the Sun’s rays 
more inward, § 179, the nearer they are passing 
by the Earth’s surface, than those rays which go 
through higher parts of the atmosphere, “where 
it is less dense according to its height, until it be 
so thin or rare as to lose its refractive power. Let 
the circle fg hi, concentric to the Earth, include 
the atmosphere whose refractive power ‘vattishés 
at the heights fandz; so that the'rays Wfw 
and Viv. go. on straight without ‘suffering the 
least refraction: but all those rays ‘which ‘enter 
the atmosphere between f and”, and between 
z and /; on opposite sides of the Earth, are gra- 
dually more bent inward'as they go through a 
greater portion of the atmosphere, until the rays 
‘Whand Vltouching the’ Earth at mand x, are 
bent so much.as to meet at g,’a little short of the 
Moon; and therefore the dark shadow of the 
Earth is contained in the space mogqpn, where, 
none of the Sun’s ‘rays can enter: all the rest 
R ky, being mixed by the scattered rays which 
are refracted as above, is In some measure en- 
lightened by them ; and some of those rays fall- 
ing on the Moon, give her the colour of tar- 
nished copper, or of iron almost red hot. So 
that if the Earth had no atmosphere, the Moon 
would*be as invisible in total eclipses as she is 
when new. _ If the Moon were so near the Earth 
as to igo into its dark shadow, suppose about p 0, 
she would be invisible during her stay in it 5 but 
yisible * before and after in ae. fainter shadow 
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> The ex piAISR here's given b ae Mr’ Ferguson, is na 
' doubt satisfactory, in so far as it regards the luminous ap- 
pearance of the Moon ; but the red copper colour which she 
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847. When the Moon goes through the eons 
tre of the Earth’s shadow, she is directly oppo- 
site to the Sun: yet .the Moon has been often 
seen totally eclipsed in the horizon when the Sun 
was also visible in the opposite part of it: for, 
the horizontal refraction being almost 34 minutes 
of a degree, § 181, and the diameter of the Sun 

and Moon being each at a mean state but 32 mi- 
nutes, the refraction causes both luminaries ta 
appear above the horizon when theyg are really 
below it, § 179. | 

$48. When the Moon is full at 12 deoreey from 
either of her nodes, she just touches the Earth’s 
shadow, but does not enter into it. Let GH 
be the ecliptic ; ef the Moon’s orbit where she is 
12 degrees J Sg the node at her full; cd her 
orbit where she is 6 degrees from the node; ab 
her orbit where she is full in the node; 4B the 
Earth’s weg and M the Moon. When the 


assumes still requires explanation. When a beam pf white 
light passes through a long track of air, it always inclines 
to a red colour, The blue or most refrangible rays moving 
with less momentum, are stopped in their’ course, while the 
red rays being least refrangible, and moving with greater 
momentum, will easily penetrate the resisting medium. 


‘This is evident also from the appearance of the Sun and 


Moon in the horizon ; from the red colour of the morning 
and evening clouds ; from the redness of the sea at great 
depths as seen by divers, and from the appearance of lu- 
minous objects in a foggy night. Now the light which 
passes through the atmosphere at manda, (Plate XI, Fig. — 
2), moves through the longest possible track of air, and 
therefore must emerge from the atmosphere of a deeper 
red colour than the light which reddens the morning and 
evening clouds. ‘This red light being refracted by the at- 
mosphere, is bent into the Earth’s shadow, and causes that 
ruddy copper hue which the ‘Moon generally assumes in 
lunar SOARES rte aa 
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Moon describes the line e f, she just touches the CHAP 

shadow, but does not enter into it; when shede-, *¥"t 

scribes the line ¢d, she is totally, though not Duration of 

centrally, immersed in the shadow; and whencenval 
bis ° : qe ipses oO 

she describes the line a b, she passes by the node the Moon, 

at V7 in the centre of the shadow, and takes the 

longest line possible, which is a diameter, through 

it: and such an eclipse being both total and cen- 

tral, is of the longest duration, namely, 3 hours 

57 minutes 6 seconds from the beginning to the 

end, if the Moon be at her greatest distance from 

the Earth: and 3 hours 37 minutes 26 seconds, 

if she be at her least distance, The reason of 

this difference is, that when the Moon is farthest 

from the earth, she moves slowest; and when 

nearest to it, quickest. 

349. The Moon’s diameter, as well as the Digits. 
Sun’s, is supposed to be divided into twelve equal 
parts, called Digits ;* and so many of these parts 
as are darkened by the Earth’s shadow, so many 
digits is the Moon eclipsed. AH that the Moon 
is éclipsed above 12 digits, shew how far the sha- 
dow of the Earth is over the body of the Moon, 
on that edge to which she is nearest at the mid- 
dle of the eclipse. 

350. It is difficult to. observe exactly either why the 
the beginning or ending of a lunar eclipse, even Dennis, 
with a good telescope; because the Earth’s sha-a lunar e- 
dow is so faint and ill-defined about the edges, Sif i? 


that when the Moen is either just touching or be deter- 
mined by 

observa- 

tien, 


3 Digits are now frequently called Degrees, each of . 
which is subdivided into 60 minutes. So that the magni- 
tude of Eclipses is measured in degrees and minutes.— 
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oy leaving it, the obscuration of her limb is scarce: 
sensible ;, and therefore the nicest observers can _ 
~~hardly be certain to four or five seconds of time. | 
‘But: both the beginning and: ending of solar e-. 
_-* clipses are visibly instantaneous ; for the: moment . 
: that the edge of the Moon’s disc touches. the 
Sun’ s, his roundness seems. a little broken on that. 
part ;, and the moment she leaves it, hg ApREATS 

perfectly round again. 
The ust of . 351. In astronomy, eclipses of the Mac are. 
Seuman 4 of great use for ascertaining the periods. of her. 
geogtaphy, MOTIONS 3 especially : such eclipses as are observed 
cece pate ral! circumstances, and have long 
intervals of time between them. In geography, 
the longitudes of places are found by eclipses, as. 
already shewn in the eleventh chapter: but for 
this purpose eclipses of the Moon. are more useful 
than those.of the Sun, because they are more 
frequently, visible, and the same lunar eclipse is 
of equal largeness. and duration at. all, places 
where it is seen. In chronology, both solar and 
lunar eclipses serve to determine exactly: the time 
of any past event: for there are so many parti- 
culars observable in every eclipse, with respect to 
its quantity, the places where it 1s visible (if of 
the Sun), and the time of the day or night, that 
it is impossible there can be two solar eclipses in 
the course of many ages which are alike in all 

se a» Circumstances. 

‘Fhe daxlt ib Ar F524 FOUY Le scare explanation of the doc- 


eh ay 


Ness at our 


Saviour's -trine of eclipses, itis evident, that the darkness at 

crucifixion Our Saviour’s crucifixion was supernatural. For 

supermatur- 

al. he suffered on the day on which the passover was 
eaten by the Jews, on which day it was impossi- 
ble that the Moon’s shadow could fall on the 


Earth ; for the Jews kept the passover at the time 
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of full Moon: nor does the darkness in total cpap 

eclipses of the Sun last above four minutes in any XVII. 
place, § 333 ; whereas the darkness at the cruci- —v—-—~ 
fixion lasted three hours, Matt. xxviii, 15, and 
overspread at least all the land of Judea. 
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SHEWING THE PRINCIPLES ON WHICH THE FOLLOWING 
ASTRONOMICAL TABLES ARE CONSTRUCTED, AND 
THE METHOD OF CALCULATING THE TIMES OF NEW 
AND FULL MOONS AND ECLIPSES BY THEM. 


, 


cuap, 853. “Lise neater that any object is to the eye 
XIX. of an observer, the greater is the angle under 
v— which it appears : the farther from the eye, the 
less. , 
The diameters of the Sun ané Moon subtend 
different angles at different times. And, at equal 
intervals of time, these angles are once at the 
greatest, and once at the least, in somewhat more 
than a complete revolution of the luminary 
through the ecliptic, from any given fixed star to 
the same star again.—This proves that the Sun 
and Moon are constantly changing their distan- 
ces from the Earth; and that they are once at 
their greatest distance, and once at their least, iz 
little more than a complete revolution. 
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The gradual. differences of these angles are not coAr 
what they would be, if the luminaries moved’ in‘ 
circular orbits, the Earth beitig’ supposed to be 
placed at’ somé distance from the centre : but they 
agree perfectly with elliptic orbits, supposing the 
lower focus’ of each or rbit to be at the centre of 
the! Earth. § 

The farthest point of ah abit from the 
Earth’s centre is called the apogee, and the near- 
est. point is called the perigee.—These points are 
directly opposite to each other! 

Astronomers ‘divide each orbit into 12 equal 
parts, called signs; each sign into 30 equal 
parts, called depres’ ; each degree into 60 equal 
parts, called mintites ; ; and’ every minute into 60 
equal parts,-called seconds.! The distance of the . 
Sun or Moon from any ‘given point of its orbit, 
is reckoned in signs, degrees; minutes, and ‘se- _ 
conds. Here we mean the distance that the lu- . 
minary has moved through from any given point; | 
' not the space it is short theréof in coming round — 
a though ever so little. = ‘6 

‘The distance of the Sun or Moon from its a= 
pogee, at any given time, is called its mean ano+ 
maly ; so that, in the apogee, the anomaly 1 is 
nothing ; in the perigee, it is six signs. é 

The motions of the Sun and Moon are observ- 
ed to be continually accelerated from the apogee 
_ to the perigee, and as gradually retarded from 
the perigee to the apogee ; being slowest. of all 
when the mean anomaly i is nothing, and swittest 
of all when it is six signs. 

When the luminary is in its apogee or. pe- 
rigee, its place is the same as it would be, if its 
motion were equable in all parts of its orbit 
‘The supposed equable motions are called mean ; 
the unequable are justly called the érve. 
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cHaP. .,The.mean. place'of the Sun or Moon, is always 
ete forwarder than the true place,*) whilst the lumi 
places?) 

~~ nary is moving from. its| apogee’ to, its:.perigee >: 
and the true place is always, forwarder than. the 
mean, whilst the luminary is moving) from: its pe-: 
rigee to. its apogee.—In the| former, case; the! 
anomaly is always less than six fii ; arial mm the: 

laster case, more. |, 

It has been found, by,’ a in setiies; wile observa 
tions,,.that the Sun. goes through,.the ecliptics: 
from the vernal equinox to the;same, equinox a= 
gain, in.365 days 5 hours 48 minutes,55 seconds : 
from. the first star of Aries to the sartie,star a- 
gain, in 365. days. 6, hours 9 minutes 24 seconds:2: 
and from his apogee to, the same again, in 365, 
days 6 hours 14.;minutes ,O seconds.—The ‘first: 
of these is called, the. solar year, the- second, the’ 
sydereal year, and the third the anomalistic years: 
So that the solar. year is 20 minutes .29' seconds: 
shorter than the sydereal ; and the sydereal:year: 
is 4 minutes 36, seconds shorter than the anoma- 
listic—Hence it appears, that. the. equinoctial; 
point, or intersection of the ecliptic and equator 
at the beginning of Aries, goes backward with reg; 
spect to the fixed stars, and that the Sun’ S oe 
gee goes forward, 

It is also observed, that the Moon goes ‘dgatith 
her orbit, from any given fixed star to the same 
star again, in 27 days.7. hours 43 minutes 4 se-, 
conds, at a mean rate:, from her apogee to her 
apogee again, in 27 days 13 hours 18. minutes 
43 seconds : and from the Sun to the Sun agaiti,, 


4# The point of the ecliptic in which the Sun or Mice: 
is at any given moment of time, is called the place of, ans 
Sun or Meon at that time, 
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in 29 days 12 hours 44 minutes 32. seconds.— CHAP. 
This shews, that the Moon’s apogee moves for- XIX. 
ward in the ecliptic, and that at.a much quicker 

rate than the Sun’s apogee does ; since the Moon 

is five hours 55 minutes 39° seconds longer in re-_ 
volving from her apogee to her apogee again, 

than from any star to the same star again. — 

The Moon’s orbit crosses the ecliptic in two 
opposite points, which are called her nodes : and 
it is observed that she revolves sooner from any 
node to the same node again, than from any star 
to the same star again, by 2 hours 38 minutes 27 
seconds, which shews that her nodes move. back- 
ward, or contrary to the order of signs, in the 
ecliptic. 

The time in hich the” Moon revolves from 
the Sun to the Sun again (or from change to 
change) 1s called a /unatton; which, according 
to Dr. Pound’s. mean measures, Nold always 
consist of 29 days 12 hours 44 minutes 3 seconds 
2 thirds 58 fourths, if the motions of the Sun 
and Moon were always equable.‘ Hence, 12 
mean lunations contain 354 days 8 hours 48 mi- 
nutes 36 seconds 36 thirds 40 fourths, which. is 
10 days 21 hours 11 minutes 23 seconds 24 thirds 
20 fourths less than the length of a common Ju- 
lian year, consisting of 365 days 6 hours: and 
13 mean lunations contain 383 days 21 hours 32 
-minutes 39 seconds 38 thirds 38 fourths, which | 
exceeds the length of a common Julian year, by © 
18 days 15 hours 32 minutes 39 seconds 38 thirds 
38 fourths. 


4 


5 We have thought proper to keep by Dr. Pound’s 
length of a mean lunation, because his numbers come near- 
er to the times of ancient eclipses, than Meyer’s do, 
without allowing for the Moon’s acceleration. 


hs 
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Ces The mean time of new moon bemg found for 
é—,—y any given year and month, as suppose for March 
1700, old stile, if this mean. new moon falls later 
than the 11" day of March, then, 12 mean lu: 
nations added to the time of this mean new moon, 
will give the time of the medn new moon in 
March 1701, after having thrown off 365 days. 
But, when the mean new moon happens to bé 
before the 11 of March, we must add 13 mean 
lunations, in order to have the time of mean new 
moon in March the year following: always tak- 
ing care to subtract 365 days in coriimon years, 
and 366 days in leap years, from the sum of this 
addition. a 2 Wiens 
Thus, a. p. 1700, old stile, the time of mean 
new moon in March was the 8™ day; at 16 hours 
11 minutes 25 seconds after the noon of that day, 
(viz. at 11 minutes 25 seconds past IV in the 
morning of the 9" day, according to common—- 
reckoning). ‘To this we must add 13 mean lu- 
nations, or 383 days 21 hours 32 minutes 39 se- 
conds 38 thirds 38 fourths, and the surn will be 
392 days 13 hours 44 minutes 4 seconds 38 thitds 
38 fourths; from which subtract 365 days, be- 
cause the year 1701 is acommon year, and there 
will remain 27 days 13 hours 44 minutes 4 se-« 
éénds 38 thirds 38 fourths for the time of mean 
new moon in Match; a.p. 1701. | 
Carrying on this addition and subtraction till 
A. D. 1703, we find the time of mean new moon 
in March that year, to be on the 6th day, at 7 
hours 21 minutes 17 seconds 49 thitds 46 fourths 
past noon 3 to which add 13 mean lwhations, and 
the sum will be 390 days 4 hours 53 minutes 57 
seconds 28 thirds 20 fourths ; from which sub- 
tract 866 days, because the year 1704 is a leap 
year, and there will remain 24 days 4 hours 53 
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minutes 57 seconds 28 thirds 20 fourths, for the CHAP. 
time of mean new moon in March, a. p. 1704. *) 

In this manner was the first of the following ; 
tables constructed to seconds, thirds, and fourths ; 
and then written out to the nearest seconds. he 
reason why we chose to begin the year with 
March, was to ayoid the incohvenience of adding 
a day to the tabular time in leap years after Fe- 
bruary, or subtracting a day therefrom in Janua- 
ry and February in those years; to which all ta- 
bles of this kind are subject, which begin the 
year with January, in calculating the times of 
new or full moons. . 

The mean anomalies of the Sun and Moon, 
and the Sun’s mean motion from the ascendin 
‘node of the Moon’s orbit, are set down in Table 
III, from one to 13 mean lunations.— These num- 

ers, for 13 lunations, being added to the radical - 
anomalies of the Sun and Moon, and to the Sun’s 
mean distance from the ascending node, at the 
time of mean new moon in March 1700, (Table 
1) will give their mean anomalies, and the Sun’s 
mean distance from the node, at the time of mean 
new moon in March 1701 ; and being added for 
12 lunations to those for 1701, give them for the 
time of mean new. moon in March 1702. And 
so on, as far as you please to continue the Table 
always throwing off 12 signs when their sum ex- 
ceeds 12, and setting down the remainder as the 
proper quantity. 

If the numbers belonging to 4 p. 1700 (in 
Table I) be subtracted from those belonging to 
1800, we shall have their whole differences in 
100 complete Julian years; which accordingly © 
we find to be 4 days 8 hours 10 minutes 52 ge 
‘conds 15 thirds 40 fourths, with respect to the 
sime of mean new moon.— These being added 
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@uAp. together 60 times (always taking care to throw 


XIX. 


off a whole lunation when the days exceed 292) 
making up 60 centuries, or 6000 years, as in 
Table VI, which was carried on to seconds, thirds, 
and Fou he ; and then written out to the nearest 
seconds. In the same manner were the respec- 
tive anomalies and’ the Sun’s distance from the 
node found, for these centurial years; and then 
(for want of room) wrote out only to the nearest 
minutes, which is sufficient m whole centuries. — 


‘By means of these two Tables, we may find the 


time of any mean new moon in March, together 
with the anomalies of the Sun and Moon, and the 
Sun’s distance from the node, at these times, 
within the limits of 6000 years, either before or 
after any given year in the 18. century ; and 


' the mean time of any new or full moon in any 


given month after March, by means of the third 
and fourth Tables, ith the same limits, as 
shewn in the precepts for calculation. 

Thus it would be a very easy matter to calcu: 
late the time of any new or full moon; if the Sun 
and Moon moved equably in‘ all parts of their 
orbits.—But we have already shewn that their 
places are never the same as they would be by 
equable motions, except when they are in apogee 
or perigee ; which is, when their mean anomalies 
are either nothing, or six signs : and that their 
mean places are always forwarder than their trué 
places, whilst the anomaly is less than’six signs ; 
and their true places are forwarder than the My ato 
whilst the anomaly’ i is more. 

Hence it is evident, that whilst the Sun’s/ano- 
maly is less than sixi signs, the Moon will over- 
take him, or be opposite to him; sooner than she 
could if his motion. were’ ‘équable 5, 5 and later 
whilst his anomaly is more than'six signs.—The 
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greatest difference that ‘can ‘possibly happen be- cHav. 
tween thé mean ‘and ‘true’ time of new or full *!*: 
moon; on account of the inequality of the Sun’s 
motion, : is'3 hours 48 minutes 28 seconds : and 
that'is, when the Sun’s anomaly is either 3 signs 
b degree, ‘or'8 signs 29) degrees’; ‘sooner in’ the 
first case, and later in the last.—In all other signs 
and degrees of.anomaly, the difference is gradu- 
ally less, and vanishes: when thie anomaly i is either 
nothing or six’ signs. - as 

The Sun isin his apogee on ithe 80" of J une, 
and) in his:perigee on the'30".of December, in 
the’present age: ‘so thati:he is nearer the Earth 
in our winter!thanin our ‘summer. ‘The propor- 
tional: difference of ‘distance, deduced’ from the 
difference of the Sun’s:apparent ahetHeter at these 
times, is as 988 to 1017. | 

The Moon’s orbit is dilated in winter, and con- 
tracted in‘summer ; therefore, the hunations are 
longer in winter than in summer.: The greatest 
difference is found to be 22 minutes 29 seconds : 
the lunations increasing gradually in length whilst 
the Sun is‘moving from his apogee to his perigee, 
and decreasing in length whilst he is moving from 
his: perigee to his apogee.—On this account, the 
Moon will be later every time in coming to her 
conjunction with the’Sun, or being in opposition 
to him, from December till June, and sooner from 
June till December, than if her orbit had continu- 
ed of the same size all the year round. 

As both these differences depend on the Sun’s 
anomaly, they may be fitly put together into:one 
Table, and called The annual, or first equation of 
the mean to aol, true syzyg sy" (see Table vAD: 


6 ‘The word xv, es both the conjunction and 
Opposition of the Sun and Moon. 


CHAP, 
XIX. 


Se aay meee 
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This equational-difference is to be subtracted from 
the time of the mean syzygy when the Sun’s ano- 
maly is less than six signs, and added when the 
anomaly is more.—<At the greatest, it is 4 hours 
10 minutes 57 seconds, viz. 8 hours 48 minutes 
28 seconds, on account of the Sun’s unequal mo- 
tion, and 22 minutes 29 seconds, on account of 
the dilatation of the Moon’s orbit. | 

This compound equation would ‘be. sufficient 
for reducing the mean time of new or full moon 
to the true time thereof, if the Moon’s orbit were 
of a circular form, and her motion: quite equable 
in it.—But the Moon’s orbit is more elliptical 
than the Sun’s, and her motion in it so: much the 
more unequal. ‘The difference isso great, that 
she is sometimes in conjunction with the Sun, or 
in opposition to him,- sooner by 9 hours 47 mi- 
nutes 54 seconds, than she would be if her mo- 
tion were equable ; and at other times:as much 
later.—The former happens when her mean ano. 
maly is 9 signs 4 degrees, andthe latter when it 
is 2 signs 26 degrees. See Table IX. 

At different distances of the Sun from the 
Moon’s apogee, the figure of the Moon’s orbit 
becomes different.—It is longest of all, or most 
eccentric, when the Sun is in the same sign 
and degree either with the Moon’s apogee or pe- 


rigee; shortest of all, or least eccentric, when 


the Sun’s distance from the Moon’s apogee is 
either three signs-or nine signs; and at a mean 
state when the distance-is either 1 sign 15 de- 
grees, 4 signs 15 degrees, 7 signs 15 degrees, or 
10 signs 15 degrees.—When the Moon’s orbit is 
at its greatest eccentricity, her apogeal distance 
from the Earth’s centre is to her perigeal distance 
therefrom, as 1067 is to 933 when least eccen. 


a 
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tric, as 1043 is ‘to 057; ; and wlien at the mean’ cHAP. 
state, as 1055 is to O45. aia 

But the Sun’s distance from the Moon’s apo. 
gee IS equal to the quantity of the Moon’s mean 
anomaly at the time of new moon, and by the 
addition*of six signs, it becomes equal in -quan- 
tity to the Moon’s mean anomaly at the time of 

- full moon.—Therefore, a table may be con- 

_ structed so as to answer all the various inequali-_ 
ties depending on the different. excentricities of’ 
the Moon’s orbit in the syzygies, and called The 
second equation of the mean to the true syzygy 
(see Table IX); and the Moon’s anomaly, when 
equated by Table VIII, may be made the proper 
argument for taking out the second equation of 
time, which must be added to the former equat- 
ed time, when the Moon’s anomaly is less than 

six signs, and, subtracted when the anomaly is 
more. 

There are several ‘other inequalities in the 
Moon’s motion, which sometimes bring on the 
true syzygy a little sooner, and af other times 
Keep it back a hittle later, than it would other- 
wise be; but they are so small, that they may be 

_ all omitted except two; the former of which 
(see Table X) depends on the difference between 
“the anomalies of the Sun and Moon in the sy- 
-zygies, and the latter (see Table KI) depends 
on the Sun’s distance from the Moon’s nodes at 
these times.—The greatest difference arising 
from the former is 4 minutes 58 seconds; and 
_ from the latter, 1 minute 34 seconds. " 


Having described the ay ene arising from 
Fol. I, | | Le 


del + + 
i q 
‘ % 
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cyap, the inequalities of the solar and lunar motions, 

Dbicenss we shall now shew the reasons, of these 3 inequa- 
™ lities. 

In. all calculations relating to. the Sich and 
Moon, we consider the Sun as a moving body, 
‘and the Earth asa body at rest; since all the ap-. 
pearances are the same, whether 4 it be the Sun or 
the Earth that moves.—But the truth is, that the 
Sun is at rest, and the Earth moves round him 

_olice a-year, in the plane of the ecliptic. There- 

fore, whatever sign and degree of the ecliptic, 

the Earth i is in, at any given time, the Sun will 

then appear to be in ive. opposite sign and de- 
ee. 

The nearer that any bestiad is to the Sun, the 
more it Is attracted by him; and this attraction 
increases as the square of the distance diminishes, 
and vice versa.’ 

The Earth’s annual orbit iS elliptical, and ge 
Sun is placed in one of its foci. The remotest 
point of the Earth’s orbit from the Sun is called 
The Earth se Aphelion; and the nearest point of 
the Earth’s Raa to the Sun is called The Earth’s 
Perihelion——When the Earth is in its aphelion, 
the Sun appears to be in its apogee ; and when 
the Earth is in its penhehons the Sun appears to 
be in its perigee. 

_As the Earth moves from i its aphelion to its pe- 
bear it is constantly more and more attracted 
by the Sun; and this attraction, by conspiring 
in some degree with the Earth’s motion, must 
necessarily accelerate it. But as the Earth moves 
from its perihelion to its aphelion, it is conti- 

% Dually, less and less attracted Py the Sun; andas 
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this attraction acts then just as much against the CHAP. 
Harth’s motion, as it acted for it in the other half . X!%: 
of the orbit, it retards the motion in the like de-~ 
gree.—-The faster the Earth moves, the faster 

will the Sun appear to move; the slower the 
Earth moves, the slewret is the Sun’s apparent 
motion. 

The Moon’s orbit is also elliptical, and the 
Earth keeps constantly in one of its focuses.— 
The Earth’s attraction has the same kind of in- 
fluence on the Moon’s motion, as the Sun’s at- 
traction has on the motion of the Earth: and 
therefore, the Moon’s motion must be continu- 
ally accelerated whilst she is passing from her 
apogee to her perigee ; and as gradually retar ded 
in moving from her perigee to her apogee. 

At the time of new moon, the Moon is nearer 
the Sun than the Earth is at that time, by the 
whole semidiameter of the Moon’s orbit ; which, 
at a mean state, 1s 240,000 miles ; and at the 
‘full, she is as much farther fromm the Sun than 
the Earth then is.—Consequently, the Sun at- 
tracts the Moon more than it attracts the Earth 
in the former case, and less in the latter. ‘The 
difference is greatest when the Earth is. nearest 
the Sun, and least when it is farthest from him, 
The obvious result of this is, that as the Earth is 
nearest to the Sun in winter, and farthest from 
him in summer, the Moon’s orbit must be dilated 
in winter, and contracted in summer. 

These are the principal causes of the difference 
of time, that generally happens between the mean 
and true times of conjunction or opposition ‘of 
‘the Sun and Moon. ° As to the other two differ- 
ences, viz. those which depend on the difference 
between the anomalies of the Sun and Moon, and 
upon the Sun’s.distance from the lunar nodes, in 

Z 2 


= 


( 
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fray the syzygies, they are owing to the different de- 
__, grees of attraction of the Sun and Earth upon 
the Moon, at greater or less distances, according 
to their respective anomalies, and to the position 

of the Moon’s nodes with respect to the Sun. 

If ever it should happen, that the anomalies of 
both the Sun and Moon were either nothing or 
six signs, at the mean time of new or full moon, 
and the Sun should then be m conjunction with 
either of the Moon’s nodes, all the above-men- 
tioned equations would vanish, and the mean and 
true time of the syzygy would coincide. But if 
ever this circumstance did happen, we cannot ex- 
pect the like again in many ages afterward. 

Every 49" lunation, (or course of the Moon 
from change to change) returns very nearly to 
the same time of the day as before. For, in 49 
mean lunations there are 1446 days 23 hours 58 
minutes 29 seconds 25.thirds, which wants but 1. 
minute 30 seconds 34 thirds of 1477 days. 

In 2953059085108 days, there are 100000000- 
000 mean lunations exactly : and this is the small- 
est number of natural days in which any exact 
number of mean lunations are completed. 


/ 
f 


Astronomical T. ables. 357 


Table [. The mean Time of New Moon in eas Old Stile ; 
with the mean Anomalies of the Sun and Moon, and the Sun’s 
mean Distance from the Moon’s Ascending Node, from A. D. 
1700, to A. D. 1800 inclusive. 


*< “Maan N. Moon; Sun's mean | Moon’s mean {Sun's mean Dist. 


3G]/10 20 44°12) 1/15:14 29 
311 y 032 17| | 23 17,16 
54218 6 9 23}3 2.017 
1732114 18 55 33/8 25 42 310 3 4 


L3 
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Mean N. Moon! Sun's mean | Moon's mean Sun’smean Dist 
in March. Anomaly. | Anomaly. trom the Node. 
! 


' "\s eater tees 


mb labs 


45 33 
22, 39 
10.44 
58 49 
1737|19 16 26 42l9 O 14 34111 26 35 55 


318 5 51 
4 26 48°53 
5 4 51 40 
-O, 12: 54, 27 
6 21 37 2g 


175827 15 19 549 7 38 28 
175g|17. O° 8 31/8 26 54 20 
1760)'5 8 57. 8/8 16 10, 12 
1761124 6 29 47\9.4.32 241. 
1762/13 15 18 24/8 23 48 16 


Pre 


1763} 3 50 7 118 13 4) 8/0 3 47 1610 26:52 1} 
1764/20 21 39 409 1 26 2011 9 2421/0 5 35. 2 
1765|10 6 28-17\8 20.42 13} 9.19 12 26] 0 13 37 49} 
176629. 4: 0569 9 (4 20, 8 24 49 32} 1 22 20 51 
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in March. Anomaly, Anomaly, 


eel ie 


1767/18 12 49 33/8 28 20 17) 7 4 37 37 
1768] 6 2138 108 17 36 9g] 5 14.25 42 
1769025 19 10 40190 5 58 21) 4 20 2 48 
177015 3 59 268 25 14 13! 2 29 50 53 
17711 4 12 48 218 14 30 511 938 58 
1772122 10 20 43I9 2 52 17) O 
1773111 19 9 19/8 22. 8 og}lO 
1774, 1 3 57'55|8 11 24 119 

31 8 

5| 6 


i 
eae Lee ee 


15 16:4 
2a) Abe O 
4 52 14 
0 29 20 
0-17 25 


1775/20 1 30 25\8 29 46 1 
1770 8 10 19 12/819 2 


1 
2 


an ret 
eee — 


1782| 2 16 38 57|8 12 49 58|10 10 43 57 


eS | AEG AE ese ESS | NSC 


Oe ae 


1795|9 251 8/8 18 47 55) 4 27 14 g 
179627 © 23 4819 710 7/4 25114 


1797|16 QO 12 2418 26 25 50) 2 12 39 19 
1708) 5.18 1, 31/8 15. 41 51) 0.22 27 25 


D. H. M. s.(S O err t ¢ Ng 


at 


1799124 15.23 41l9 4 4 3/11 28 4 31/10 
1800/13. O 22 17/8 23 19 55|10 7 52 36/11 


Mean N. Moon Sun’s mean | Moons mean |Sun’s mean Dist, 
from. the Node. 


° 


177712777 S150 7 24 17| 5°25 54.31) 8 23.32, 2 
1778116 16 40 28/8 26 40 oO] 4 5 42 3619 - 
177916 I 29 4188 15 56 1) 2 15 30 4119 9 38 
1780)23 23. 1 448 4 18 13] 121 7 47/10 18 22 
1781/13 7 50 2118 23 34 510 0 55 52/10 26 23 


1 


4 


1783/21 14 11 379 1 12 10/9 16 21 .3)0 13 9g 36 
17841 9 23 0 13/8 20 28 317.26 6 810 21 12 23 
1785128 20 325310 8 50 15| 7. 1 46 14) 1 29 55 25 
178018 (5 21/308 28° -6 71 5 11,34, lo) 2. 7 58°12 


399 


£ i 


35 


26 


1787, 7 14 10 68 17 21 50) 3 21 22 2442 16 O 590}. 
1788/25 11 42 469 5 44.11) 2 26 59 30) 3 24 44 11 
1789|14 20 31 23/8 25 O 3/1 6 47 35)4 2 46 48 
1790} 4 5 19 50/8 14 15 55|11 16 35 40) 4 10 49 35 
1791/23 2 52 309 238 710 22 12 46) 5 19 32 37 


eae ech 
35 24 
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Zable II. Mean New Moon, &c. in March, New Stile, from 
A. D. 1752 toa. BD. 1800. 


*{ |Mean N Moon} Sun’s mean {| Mooms mean 
2 in March. Anomaly. Anomaly. 
@ 

“ 

t 


Sun's mean Dist. 
from the Node: 


inseatce ese ee 


Ds) ee MR Se On “is o..? Ws 


175423 2 37 22/18 22 22 an 


175512 Il 25 50/8 11 38 12/10 27 55 31 


1757/19 17 47 15/8 19 16 16 8 13 20 4 
9 235 518 8 32.816 23 8 47 


119 27 3|4 11 17 48} 
025 4 9520 05 
9 452 1415 28 8 37, 
7. 
6 


14 4019 G6 6 6.24) 


5 O 5 30 7 22 52 12 
4 542369 1 35 13 
215 30 41'9 938 Of, 
0) 
9) 


25 18 46 9 17 40 47) 
O 55 5210 26 23 48} 
10 43 5711 4 26 35) 
1783] 3 1 27 33/8 .2 5 50).8 20 32 211 ¥2 29 22). 
178420 23 O 13/8 20 28 3/9 ' 
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Table II concluded. New Stile. 
(Mean N. Moon Sun’s mean | Moon's mean [Sun's mean Dist 


in March. | Anomaly. Anomaly. [from the Node. 


1787/18 14 10 68 17 21 59 
1788} 6 22. 58 428 6 37 51 
1789}25 20 31 23/8 25 O 3 
179015 5 19 598 14 15 55 
1791| 4 14 8 358 3,31 47 


omy 


1792122 11 41.1518 21 53 5019 2 O 
1793|11 20 29 5118-11 9 51) 7.11 48 
1794180 18 2 32/8 29 32 3! 6 17 26 
1795120 2 51. 8g 5| 4.27 14 

11 39 44/8 $6 Fu 92 


1 39] 9 23 32 24 
, 7311 ess 120120 
1811124 413 Q/8 21 39 43/7 8 57 35 


1812/12 13 1 458 10 55 35| 5 18 45 40 
1813] 1 21 50 21/8 O 11 27) 3 28 33 45 
181420 19 23 1/8 18 33 393 4 10 51 
181510 4 11 37/8 7 53 31/1 13 5856/8 8 1113 
181628 1 44 17/8 20 15 43,0 19 36 2) y 16 44 12 


1817117 10 32 =? 15 31 3510 29 24 7| O 24 46 59 
1818 6 19 21 298 4 47 27.9 9 12 12:10 2 49 46 
181925 16 54 98 23 9 39 8 14 49 1811 11 32 47 
182014 1 42 458 12 25 31, 6 24 37 23/11 19 35 34 
1821] 3 10 31 21/8 1 41 23) 5 4 25 28/11 27 38 21 
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Table III. Mean Anomahes, and Sun’s mean Distance froin 
the Node, for 134, mean Lunations. 


Mean Sun’s mean 
Lunations. Anomaly. Anomaly. {from the Node. 


102905 7 20 30\9 21 3 14/8 18 10 


131383 21 32 40 0 18 22 12/11 5 37 
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Sable IV. The Days of the Year, reckoned from the begin- 


ning of March. 
5 me os : 
Oo be 
By lo} Ga coal 4 
| S| > Z| el] s mu 3 UN on a 
aye | 3 = 89 3 S a 
Sie eos Phy Sel ge [te ee os) fi) s 
: a - 2 m ae ae 
" 5 : 


SS 


123 | 154] £85 | 215 | 246 | 276| 3071338 
1241155} 180 | 216| 247 | 277 | 3081339 
125} 156] 187 | 217 | 24812781309] 340} 
126 | 157] 188 | 218] 249|279| 310] 341 
127 | 158] 189 | 219 | 250} 280] 311] 342 


128 | 159} 190 
129 | 160] 191 
130 | 161| 192 
131 | 162] 193 
132 | 103] 194 
133 | 164] 195 
134] 105] 196 
135 | 166| 197 
}| 136 | 1671 198 

137 168 199 | 


SS ee 


'116/16]47|77| 108 | 138} 169] 200 29113221353 
17|17|48|78| 109 | 1391 170| 201 292 | 323 |354 
18|18]49|79| 110 | 140} 171] 202]: 293 |3241355 
19|19|50|80} 111 | 141; 272} 203 204.|325 |356} 
20|20|51/81! 112 | 142, 173 | 204 295 | 326|357 


296| 327 | 358 
297 | 328 | 350 
298} 329 | 360 } 
299 | 330; 361 
300) 331,302 
240|271|301/)332 363 
241 | 2723) 3021333 :364} 
242 |273 303 | 334 | 305 
243 1274 3041335 | 366 
eth ad bee oe Nasi 275 | 305 | 336! ~ 
31) |92 )153.1184, QA5 306,337 | 


= 


.|24|24|55/85) 116 146| 177 | 208 
25)25|56/86] 117 147 | 178} 209 
26|26|57|87 118'148| 179 210 
97|58|88| 119 149/180 | 211 
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Lunat. | Days. Decimal parts. | D. 
i | 29.530590851080 = 29 
2| 59.061181702160 59 
8 | 88.591772553240 88 
4 | 118.122363404320 118 
5 | 147.052954255401 147 
6 | 177.183545106481 bes 
7 | 200.714135957561 206 
8 | 236.244726808641 236 
9 | 265.775317659722 205 
10 | 2095-30590851080 295 
20 | 590.61181702160 590 
30 | 885.91772553240 885 
40 | 1181.22363404320 1181 
50 | 1476.52954255401 1476 
60 | 1771.83545106481 1771 
70 | 2067.14135957561 2067 
80 | 2362.44726808641 2362 
90 | 2057.753176590722 2657 
100 | 2953.059085 1080 2053 
200 | 5906,1181702160 5906 
300 | 8859.1772553240 8859 
400 } 11812.2363404320 11812 
500 | 14765.29054255401 14765 
600 | 17718.3545106481 17718 
7. 2067 1.4135957561 2067 1 
800 | 23624.4726808641 | 23624 
900 | 26577.5317659722 26577 
1000 | 29530.590851080 29530 
2000.| 59061.181702160 59061 
3000 | 88591.772553140 88591 
4000 | 118122.363404320 | 118122 
5000 | 147652.9054255401 147652 
6000.| 177183.545106481 177183 
7000 | 206714,135957561 | 206714 
8000. | 236244.726801641 | 230244 
g000 | 265775.3170590722 | 205775 
10000 | 295305.G0851080"| 20905305 
20000 | 590611.87102160 | 590611 
30000 | 885917.72553240 | 885917 
40000 | 1181223.63404320 | 1181223 | 
50000 | 1476529.54255401 .| 1476529 
60000 | 1771835.45106481 | 1771835 
70000 | 2007141.35957561 | 2067141 
80000 | 2362447.2680804.1 | 2362447 
g0000 | 2657753.17650722 | 2657753 
100000 | 29539590.0851080. | 2953059 


H. M. 


12 « 
1 28 
14 
2 56 
15 


-2] 
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T able V.. Mean Lunations from 1 to 100000° 


3s. om 


3 2 58} 


6. 5.57 
9 8 55 
12 11 53 | 
15 14 52 
18 


24. 
4/73 
30 


31 


33 28 2 


34 


bo 
© 
ooocoeocoooecooooooocoo 
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Table VI. The first mean New Moon, with the mean Anomalies 
of the Sun and Moon, and the Sun's mean Distance from the 
Ascending Node, next after complete Centuries of Fulian years. 


Sun's mean 
* Anomaly. Anomaly. 


21 
200} 8 16 21 44.0 6 42 

30013 0 3237/0 10 3/1 
40017 8 43 20,0 13 24/10 


6185| 50021 16 54 21;}0 16 


7422) 60020 1 5 1440 20 
24 


14843|1200122 13 26 24] 0 


17 36 4 
14773 


27 


6 21 47 111 
84481230011 5 57 5311 
29685 }2400)1.5 14 8 45|)1 


309222500119 22 19 38/11 26 
2159260024 6 30 301) 29 
33396270028 14 41 22] O 
10:8. butt 
18 19 3)11 
2 29 56/11 
8343310016 10 40 48/11 


39580320020 18 51 4Ol11 


366 Astronomical Tables. 
Table VI concluded. 


Sun s mean{Moon’s mean |Sun’s mean dis. 
Anomaly.| Anomaly, | from Node. 


First 
New Moon. 


4300] 6 11 23 
440013 19 34 


53185 
54422 


58133)/4700)/20 


70502570011 4 27 151018 1410 g 21/4 23 
71739580015 12 38 70 213516 24 4319 13 
72970}590019 20 48 5010 24 5613 10 S512 2 
74212\600024 4 59-52)10.28 17/11 25 271|6 21 


If Dr. Pound’s mean Lunation (which we have kept by 
in making these tables) be added 74212 times to itself, the 
sum will amount to 6000 Julian years 24 days 4 hours 59 
minutes 51 seconds 40 thirds; agreeing with the first pary 
ef the last line of this table, within halt a second. . 
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Table VIL. The annual, or first Equation of the mean to the 
true Syzyoy. 


_ Argument. Suns mean Anomaly. 


Subtract 
1 2 3 t 5 
Sign Signs Signs Signs Signs 


erences 


8.Hs M. S.j8. M. sat M. §&. 


Se pecans 


47 194 10 4(3 25 35|1 41 
50 504 9 108 20 201 35 49/22 
52 294 8 373 17 35|1 31 41/21 
43 54 4'4 7 593 14 401 27 31/20 


55 3544 7 168 11 59)1 


— 


161 7 4512 57 53/4 
a7. 11 3538 
3 


2611 47 54138 25 364 9g 5513 47 ago 22 47 
711 51 463 28 34 10 103 45 442 19 5 


lo 17 
013: 


35 Ol 10 5313 30 302 “7 4510 0-0 


9 8 
Signs Signs 
Add 


6 
Signs 


1, 
Signs 


3608 Astronomical Tables. 
Table VIII, Equation of the Moon’s mean Anomaly. 


€HAP. . Argument. § Sun’s mean Anomaly. 
| Subtract 
Serene |G 1 2 3 ee 4 5 


Signs | Signs 


ST a eS oe S at aS 

ith ML Gousks A Oot EG. aC AQ Ae 

a 

erocinlaaletiey 2, oad. Viva aooriedeid Mi io 
H. kW. S/H. M. 84H.  M. 6/H. M, 3./H wJe SjH. M, 3. 


O}9 O Of 46 45]1 21 32/1 35 1)1 23 40 48 193 
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Table IX. The second Equation of the mean to the true Syzygy. 


Argument. Moon’s equated Anomaly. 
Add 


I 
Sign 


1 
H. M. §H mM. = 
os 2) 


ee, 


O O5 12 488 47 89 46 44\8 8 594 34 33/30 


Bt toi. Ait adv stant de CREME ES 


5815. 21 508 51 4519 45 3/8 3 12/4 26 129 
2I0 21.565 30 57/8 56 109 45 12'7 57 234 17 25128 
310 32 5415 39 5119 O 2519 44 11/7/51 33/4 .8 47/27 
5215 48 3719 4 319 42 5ol7 45 40/4 0 7/26 

3 51: 23125 


— — 


A2 32/24 
33 38/23 
2\3 24 42:22 
3.15 44/21 


6 10 4g/1 53 36 
6 3 161 
5 55 38il 


5 47 bat 25 31 


18/3 14 2417 38 olo 42 21l90 7 9 
3 24 4217 44 5119 43 4219 3 13 
2013 34 58/7 51 2419 44 53/8 59 6 


2143 49 Ne 57 4519 45 52/8 54 50 


9 5719 47 138 45 485 32 oll 6°41 
15. 469.47 368 41 2'5 24. 9l0 57 13 
21 249.47 498 36 05 16. 5j0 47 44 
26. 5319 47 5418 31 05 7 500 38 12 
2714 44 428 32 119 47 468 25 44/4 59 420 28 41 
o6|t 54 11/8 37 1919 47 3318 20 1814 51 150 19 & 
20/5 3 33)8 42, 1819 47 14s 14,334 43 210 9g 34 
30,5 12 488 47 89 46.448 8 59/4 34 330 0 3 
| g | 7 6 
| Signs Signs Signs Signs 
Subtract 


_ Ty gene earners Aa 


ee EE ee 


It 10 


‘Siens 


Boq | Oe Ob 
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Table X. The Third Equation of the mean to the true Syzygy. 


ae ae 


CHAP. Argument. Sun’s Anomaly.—Moon’s Anomaly. 
AIX. Signs Signs Signs _ 
ammo, mncamaed Sub.) x Subj 2 Sub. 


Janene 
eoooco 


COONS 
oooc°o 


eeu one aan oo 
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Table XI. The fourth Equation of the mean to the true Syzygy. 


f pemree Sun’s mean Distance from the Node. - CHAP, 
" cpateater stripe ame XIX, 


o 
cB ir | ars e 
iq’) 


a 


12°23 | 2} 218) "29 
1 241) 1 20/28 
20-261) | 18M 97 
1.26) 1 16) 26 
aS 2p W140 25 
1 28| 1 12/24 
15261)" 2 1'10°} 23 
1: 30'|:2 8 |-22 
1 31 1 360 21 
ao 39!) 0)” 301/90 


o* 600 be 34 |. oO) Wee 14 
OG S24 “ise oO P13 
00 Saal 23°Sa' lO ez ia9 
0) 67 | 1° 33) 0} 84) 11 | 
16 (ON Le sea | * ea oe eeepad 
homay.4 bee Se a We ra) SD eel 9 
17 Sa 1S 3001) oetk Ss 
10 (Sd @S 30, hor ase 7 
LA GOs £2 29 | O! IOoF 6 | 
112] 1 28] O 16] 5] 
18 god [Ler oe o 33] 4 
1h 1 OEE 26 IO Piel 4 
10 Wee 2) BET oO EH 9 
12 Daa Th BAT wo} Teer i 
Pe OSH “£E. 90 | 4Ot cook G 
3 ? o 
is) Rael! Sig. tne Sig. | 9) Sig. se | 8 
Subtract 


A-aa 


Af a, 
sala te. 
4 oats 
fe 
Sie 


372 Astronomical Tables: 
Table XII. The Sun’s mean Longitude, Motion, and Anomaly. 


Aa | Sun’s mean Sun’s mean 
5 tS Longitude. Anomaly. 
5 2 . 

5 an t 

0g 8 ro) 


1 FimGS 
201 Q9°'23 
301 10. 9Q 
AO1 10° 54 
501 1B 139 

1001 15. 20 
1101 1G csind 
1201 16.57 
1301 17. AQ 
14091 18 27 
1501 19 13 
1601 19 58 
1701 20. 43 
1801 21° 29 
1797 10 37 
1798 10 23 
1799 10:38 


wOMmMMmMOUUOCHUOOUOL 
nS 
ko 


y 
— 


—_ 

MO Oowowowooowoc © 
w 
“JT 


— 


6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6: 
6 
5.) 
5 
6 
6 
5 
5 
6 
6 
5 
5 
6 
5 
5 
5 
6 
5 
5 
5 
6 
5 
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Table XII. continued. 


3 ~ Sun’s mean Sun’s mean 
S pag ‘Motion. Anomaly. 
— 1 —_ 

o. $ a ea ris ay uh ea 
1/11 29 45 40)]11 29 45 
OTA “2G abe 2 4 1d. 20 Cg 
S414 DG’ Lz 265 13 po). 14 
4 GO 10” ‘t* 50% If 29 58 
5111 290 47 31411 29 42 
Ge Pt 26" Sar lee Te. 201..27 
Pst eG 2 tee oe Le. YOo LL 
8 OF OF IG ars Te, 20 yer 
g{11 29 49 21111 29 40, 

10711 29° 35 2)11 290 24 
1 18. 2O* 20° 498% TP 2GrehE 
SE OTe ee ee oO wero 
NS Oe ET 8 eh Eiken Ate a 0 a te el 
We 1 20 FSO Boe. py Ot 22 
shoe dl 29 7 22 193 Vild. 2o tg 
10 On LO 122. T1204 50. 
1y |4d 290 4553 5.2] WL 20. 3564 
gs 11. 29 38. 43.).11. 29.20 


1Gh lar 20-; 24 123) 1h. 20: A 
Q {12:| Ii 29. 48 
bS “Y2a0) Wk 20. az 
27: 1366) We 20: 26 
36 48:.) 11, 29 15 
4G | On| lus 29. 4 


32: Onl 144 28° 8 
be 'T OT ak oe 4 ia 
4 0/11. 20 16 
50 1 Oc! 1ga 95 ..2) 
82.) Oe WA Bar) 25 


E20! YL. 38¢ 29 
2 403! Wh. 22: 33 
48} O8| 1g. 21: 37 
40 Oj 1). 20° 41 
20).) 08 Ie de 22 
"Vr 8 ak i maa aa 
10 22 44 
25 


— Noe 
UNONGNDOGARWAWHLHOOOOO 


‘ow OO OD. 8.0.00 0:0: 0 oo0om 27 


0 and Anomaly. and Anomaly. 

B | 

° 

1/0 0O 0 

2 Oe jotd 0 

3,;0 2 0 

4|;0 3 0 

5|0 4 e) 

6;0 5 0 

710 6 e) 

8|;O 7 0 

9;90 8 0 

10};0 9 Q 
Oo 10 0 26 36 45 
O- 11 0 27 35 53 
QO 12 OG 28 35 2 
0 18 0 29 34 10 
O 14 I 30 33 18 
e) 


Astronomical Tables. 
Table XII continued. 

ra Sun’s mean Sun’s mean 

ce) Motion. Anomaly. 

= rene aN 

rae — 

4 s ° A ‘|s ° f 
January 0 Oo 98 Of; oO Oo 8 
February | 1 0 33.18] 1 O 33 
March 1:28 9 11 1, 28. 9 
April 2.28 42 30] 2 28 42 
May 3,28 16 40| 3. 28 17 
June 4 28 49 58}; 4 28 50 
July 5, 28: 24, 8} 5 28 24 
August 6 28 57 26| 6 28 57 
September; 7 29 30 44] 7 29 30 
October ; 8 29 4 54] 8 29 4 
‘November, Q 29 38 12] 9 29 37 
December ‘ 10 O 


bo 

© 

bet 

we 
i) 

i) 

pai 


Sun’s mean Motion Sun’s mean Motion 


‘Loble XI concluded. 


Sun’s m. Motion |6un’s m. Dist.’ 
and Anomaly. -| from Node. 


a 
oa 
to 
pad 
cs 
+ 


46 49 20 
49 17 56 
51 45 32 
54 13 8 
56 40 43 


meee OOCOCOCOOCOCCOOOOCOOOOOOOOOS 


ore 


“ 


WYHHH HY NHNKHNHNNNN KP KEP EP PRP PP Pee Pe eee ee 


uM 


16 
18 
21 
23 
26 
28 
31 
33 
36 
38 
Al 


As; 


A5 
AS 
50 
53 
55 


58° 


oO 
3 
5 
8 
10 


‘13 


15 
17 
20 
22 
25 
27 
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Sun’s m, Motion 
and Anomaly 


tt 
ut 


23 
Di 
19 
47 
15 
42 


10 


38 

6 
34 

S 
30 
57 
25 
53 
21 
49 
17 
44 
12 
40 

8 
36 

4 
32 
59 
27 
58 
23 
51 


Sun’s m. Dist, 
from Node. 


aw 


KS RINGS, O-RING eee ee eee eee 


ft 
Wh 


875 


In Leap-years, after February, add one day, and one day’s 


motion. 


376 
Table XIII. Equation of the Sun’s centre, or the difference be# 


tween his mean and true Place. 


O O OO 


| 


Astronomical Tables. . 


Argument. 


£u 2 
Sign. 


56 47)1 


peer | eee = Rae | aE perpen 


1 5010 
3 57|1 
5 561 
(7 SA 
9 521 


11 501 


13 
14 
15 


nt 


d 


13 48|1 


0 25 20/1 
0 27 25|1 
0 29 2011 


58 3011 
O 12) 
1 53)1 
3 33)1 
5 12/1 


6 50/1 44 
8 27\1 45 


14. 41)1 48 
16 11|1 40 


17 40)1 49. 


19 81 50 
20 341 51 


21 5g] 51 


O 49 45]1 
O 51 321 
0 53, 18)1 


23 22)1 52 


Signs. 


A44i] 
34} 


24 441 52 36 
26) (511343 « 
| 27 24|1° 93 27 


34 4511 55 
35 531 55 
30 3Q)1 55 
38 3/1 55 
39 G1 55 


Signs. 


. 48 


20}1 


34|1 
371 


. 
_ 


48 
A7 
46 
45 
44 
44 
43 


Sun’s mean Anomaly. 
Subtract 


5 301 40 120 57 720] 
38]1 39 100 55 19728 
3611 38. 60 53 302 
31]1 37. OO 51 40.26] 
24/1 35 5210 49 4925 
L_ 


42 | 


41 


8 


Signs. 


Astronomical Tables. 
Table XIV. The Sun’s Declination. 


O 7 ke DR ON at 
ll 30 Ray 1l 
bhi aint 20 ‘oo 
42 P20. °.36 
12 32120 48 
12 531/20 59 

is Mean tO 
Goi 2h eB 
13 $3 | 21 31 
14 12/)21 41 
14 31121. 50 
14° 50 | 2) 59 
15 9 | 22.8 
15 (26) (22) 16 
46 


19°; BV oa anr: 
18 18:1. 93.\-14 
18 (83/28 18 
18 48 | 23.21 
104. eet Oe: | 91 


19 ,17 | 23 |;25 
10.28.99 or 
19 45 | 23 28 
19 58| 23 29 
20 11 
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Table XV Equation of the Sun’s mean Distance from the 
Node. 


Argument. Sun’s mean Anomaly. 
Subtract 


0 
0 
O 
0 
O 


ooo0co 
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Table XVV. wae Moon’s Latitude in Eclipses. 


began | 
sacadeientl Moon's equated Distance 
from the Node. 


fe) Signs, 
North Ascending. 

ae er 
South Ascending. 


Oo | 0 O O 30 
1 O 5 15 29 
2 0 10 30 28 
3 O 15 45 27 
4 O 20 59 26 
5 0 26 13 235 
6 0 31 26 24 
ys 0 36 39 23 
8 QO 41 51 22 
9g O 47 22 21 
10 O 52 13 20 
ll O 57 23 19 
12 I -2 31°} 18 
13 Rs i 17 
14 1 12 44 id 
15 1 17 49 15 
16 1 22 52 14 
17 1 27 53 13 
18 1 32 52 12 
19 1 37 49 1] 
5 Signs. 


North Descending. 


x1 Signs, 
South iain tf 


“This table shews the Moon’s true latitude a little bes 
by the utmost limits of eclipses. 


380 Astronomical Tables. 


Table XV IT. The Moon’s. horizontal Parallax, with the Se 
midiameters, and true Horary Motions of the Sun and Moony 
to every sixth Degree of their mean Anomalies, the Quantities 
for the intermediate Degrees being easily proportioned by Sight. 


oS tS: 7 eo | oe we Ira, wo 
SRE PES SES Eee, SES ene aoe 
KIX. us| 23.9 PRB |e bol gas S28) So ws 
Kaye | PE BLES 5 Sef eet Shae | as Bs 
Sel el ae nee | AB gk Se ss Be 
nS ° wp re 5 nS 

=) = [on 


54 20) 15 50 |14 541 80 10] 2 
654 31115 50114 55/30 12] 2 
1254 34/15 50|14 66] 30 ' 51} 2 23) 18 
1854 40/15 51 [14 57; 30 19| 2 
24154 47115 51 114 58] 30 20] 2 


1610 NST SI" BE TAT! 20 18 
16 11/15 58:34 24]2 29 12 
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Precepts relative to the preceding Tables. $81 


To calculate the true Time of New or Full Moon. 


Precept I. lf the required time be within the CHA. 
limits of the 18" century, write out the mean ; 
time of new moon in March, for the proposed 
year, from Table I in the old style, or from Ta- 
ble II, in the new ; together with the mean ano- 
malies of the Sun and Moon, and the Sun’s mean 
distance from the Moon’s ascending node.—li 
you want the time of full moon in March, add 
the half lunation at the foot of Table UI, with 
its anomalies, &c. to the former numbers, if the 
new moon falls before the 15“-.of March; but 
if it falls after, subtract the half lunation, with 
the anomalies, &c. belonging to it, from the 
former numbers, and write down the respective 
sums or remainders. 
II. In these additions or subtractions, observe, 
that 60 seconds make a minute, 00 minutes make 
a degree, 30 degrees make a sign, and 12 signs 
make a circle. When you exceed 12 signs in 
addition, reject 12, and set down the remainder. 
— When the number of signs to be subtracted is 
greater than the number you subtract from, add 
12 signs to the lesser number, and then you will 
have a remainder to set down.—In the tables, 
signs are marked thus,’ degrees thus,° minutes , 
thus,’ and seconds.” es, 
III. When the required new or full moon is 
in any given month after March, write out as 
many lunations, with their anomalies, and the 
Sun’s distance from the node, from Table III, as 
the given month is after March ; setting them in 
order below the numbers taken out for March. 
IV. Add all these together, and they will give 
the mean time of the required new or full moon, 
with the mean anomalies, and Sun’s mean dis- 


» \ 
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CHAP. tance from the ascending node, which are the ar- 
XIX; guments for finding the proper equations. 

_V. With the number of days added together, 
enter Table IV, under the given month ; and a- 
gainst that number you have the day of mean 

_ new or full moon in the left-hand column, which 
set before the hours, minutes, and seconds, al- 
ready found. | 

But (as it will sometimes happen) if the said 

number of days fall short of any in the column 
under the given month, add one lunation and its 
anomalies, &c. (from Table III), to the foresaid 
sums, and then you will have a new sum of days 
wherewith to enter Table IV, under the given 
month, where you are sure to find it the second 
time, if the first falls short. 

VI. With the signs and degrees of the Sun’s 
anomaly, enter Table VII, and therewith take 
out the annual or first equation for reducing the 
mean syzygy to the true; taking care to make 
proportions in the table for the odd minutes and 
seconds of anomaly, as the table gives the equa- 
tion only to whole degrees. | 

Observe, in this and every other case of find- 
ing equations, that if the signs are at the head of 
the table, their degrees are at the left hand, and — 
are reckoned downwards ; but if the signs are at 
the foot of the table, their degrees are at the 
right hand, and are counted upwards; the equa- 
tion being in the body of the table, under or over 
the signs, in a collateral line with the degrees.— 

The titles Add or Subtract at the head or foot of 
the tables where the signs are found, shew whe- 
ther the equation is to be added to the mean time 
of new or full moon, or to be subtracted from it. 
In this table, the equation is to be subtracted, if 
the sign’s of the Sun’s anomaly are found at the 


é 
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head of the table; but it is to be added, if the cpap. 
signs are at the foot. XIX. 

‘VII. With the signs and degrees of the Sun’s ~~~ 
mean anomaly, enter Table VIII, and take out 
the equation of the Moon’s mean anomaly ; sub- 
tract this equation fromher mean anomaly, if the 
signs of the Sun’s anomaly be at the head of the 
table, but add it if they are at the foot; the re- 
sult will we the Moon’s equated anomaly, with 
which enter Table IX, and take out the second 
equation for reducing the mean to the true time 
of new or full moon; adding this equation, if 
the signs of the Moon’s anomaly are at the head 
of the table, but subtracting it if they are at the 
foot, and the result will give you the mean time 
of the required. new or full moon twice equated, 
which will be sufficiently near for common pur- 
poses.—But when you want to calculate an e- 
clipse, the following equations must be used.— 
Thus, 

VIII. Subtract the Moon’s..equated anomaly 
from the Sun’s mean anomaly, and with the re- 
mainder in signs and degrees, enter Table X, and 
take out the third equation, applying it to the 
former equated time, as the titles, ddd or Sul- 
tract, direct. 

IX. With the Sun’s mean distance from the 
ascending node, enter ‘Table XI, and take out the 
equation answering to that argument, adding it 
to, or subtracting it from, the former equated 
time, as the titles direct, and the result will give 
the time of new or full moon, agreeing with well 
regulated clocks or watches, very near the truth. 
But, to make it agree with the solar, or apparent 
time, apply the equation of natural days, found 
‘in the tables (from page 200 to page 222), as it 
is leap-year, or the first, second, or third after. 
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CHAP. 
XIX. 
or full moon without 


Precepts and Examples 


The method of calculating the time of any new 


the limits of the 18™ cen- 


tury, will be shewn further on ;’ and a few ex- 
amples compared with the precepts, will make the 


whole work plain. 


N. B. The tables begin the day at noon, and 
reckon forwards from thence to the noon follow- 
ing.—Thus, March the 31*, at 22 h, 80 min. 
25 sec. of tabular time, is April 1** (i common 
reckoning) at 30 min, 25 sec. after 10-0 ‘clock in 


the morning. 


EXAMPLE 1. 


% 


Required the true time'of New Moon in April 1764, New Style ? 


By the Precepis, New Moon. | Sun’s Anom. Moon’s Anom. Sunfrom node 

po. (Me. Sas OOO Misti wo: 2 Oe eee. 

March 1764,. 2 8 55 368 2 20 O10 13 35 21)11 4 54 48 

Add 1 Lunation, [29 12 44 3/0 sg 6 19,0 25 49 O| 1 O 40 14 

Mean New Moon, |31 22 39 39) 9 1 26 19lt 9 24 21,0 5 35 2 
First Equation, + 410 4011 10 59 18+ 1 sie 57 

cme yl) ere Btw - Sunfromnode, 

Time once equated, |32 1 50 19) 9 20 27 il 10 59 18} and Arg. 4'* 


Second Equation, 
Time twice equated, 31 22 25 30 
Third Equation, + 4:37 


Time thriceequated,31 22 30 7% 
Fourth Equation, + 18 
True New Moon, [31 22 30 25 
Equation of days, 


a 


eee = 


31 22 26 3% 


Apparent time, 


3 24 A49/Arg. 34 equat.JArg. 24 equat. 


3 48) 


equation. 


aieall } =" | 


So the true time is 22 h. 30 min. 25 sec. after the Noon 


of the 31** March; 


that is, April 1", at 30 min. 25 sec. 


after X in the morning. But the apparent time is 26 min. 
37 sec. after X in the morning. 


ath. 
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EXAMPLE Il. 
Qu. The true time of Full Moon in May 1762, New Style ? 


By the Precepts. | New Moon. | Sun’s Anom. phone Rot: Meni teom node sah 
Bo By (Met eso. Fo ise oA. # W's OF Ut | Some parame) 
March 1762, 24 15 18 24} 8 23 48 16] 1 23 59 11/10 18 49 14 


Add 2 Lunations, [59 1 28 6) 1 28 12 39) 1 21 38 1) 2 1 20 28 


eee 


New Moon, May, |22 16 46 30/10 22 O 55) 3 15 37 12; 0 20 9 49 
Subt.4 Lunation, |14 18 22 2 0 14 33 10) 6 12 54 30} 0 15 20 7 


ell 


22 24 28110 7 27 459 2 42 4910 4 49 95 


Full Moon, May, | 7 , 28 
+ 3 16 36/9 3 57 18) + 1 14 36 


First Equation, 


-|——— - | ——_——__—_- Sun from node} 
Time once equated,{| 8 141 41 3 30 27; 9 3 57 18 and Arg. 4% 
Second Equation, |— 9 47 53/Arg.34 equat./Arg. 2‘equat.| equation. 


rene stam goed eee oe = es 


os | perenne Peete eS) 


Time twice equated;| 7 15 53 11 
‘Third Equation, . — 2 36 


Time thriceequated,| 7 15 50 35 ( 
Fourth Equation, + 15 iy 


Noaeeaeuoe 


True Full Moon 7 15 50 50 


Ans, May 7" at 15 h. 50 min. 50 sec. past noon, viz, 
May 8, at III h. 50 min. 50 sec. in the morning. 


Fol. I. Be Ps. 
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To calculate the time of New and Full Moon in 
a given year and month of any particular cen- 
tury between the Christian era and the 18+ 
century. 


Precept I. Find a year of the same number 
in the 18™ century with that of the year in the 
century proposed, and take out the mean time of 


new moon in March, old style, for that year, with | 


the mean Peas, and Sun’s mean distance 
from the node at that time, as already taught. 

II. Take’as many complete centuries of years 
from. Table VI, as, when subtracted from the 
above-said year in the 18" century, will answer 
to the given year; and take out the first mean 
new moon and its anomalies, &c. belonging to 
the said centuries, and set them below those 
taken out for. March in the 18™ century. 


Ill. Subtract the numbers belonging to these’ 
centuries, from those of the 18" century, and the 


remainders will be the mean time and anomalies, 
&c. of new moon in March, in the given year of 
the century proposed.—Then, work in all re- 
spects for the true time of new or full moon, as. 
shewn in the above precepts and examples. 

IV. If the days annexed to these centuries ex- 
ceed the number of days from the beginning of 
March taken out in the 18 century, add a lu- 
nation and its anomalies, &c. from Table III, to 
the time and anomalies of new moon in March, 
and then proceed in all respects as above.—This 
circumstance happens in Example V. 

ao 
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EXAMPLE III. 


Repaired the true time of PF ull Moon in April, Old Nees A. De 
30? 


From 1730 subtract ets (or 17 ahiuciea) and there re= 
mains 30. 


By the Precepts. Sun’s Anom.|Moon’s Anom/Sun from node 


New MOoIE 
{ 


March 1730, ; 
Add 4 Lunation, 


Full Moon, 
1700 Pour tie 17 36 42/11 28 46 0/10 29 36 0} 4 29 23 0 


0 40 14 


‘Aad i finabbon! 29 12 44 3} 029 619025 49 O1 


ee te 


6° 2.8 Sole 2 58 0] 5 9 39 47/10 9 54 3T 
+ 328 45 10 58 40, + 1 18 53 

-|Sun fromnode 
5 10 58 40) and Arg, 4'® 
‘Arg. 2¢ equat.} equation. 

bie Sea ea Coie 


Full Moon, April, 
First Equation, 


te 


6 5 31 43} 4 21 59 20 
+ 2 57 48jArg.3¢ equat. 


Time once equated, 
Second Equation, 


Time twice equated,| 6 
Third Equation, 


Time thriceequated,| 6 
Fourth Equation, 


Tr. FullMoon, Apr.| 6 


Hence it appears, that the true time of Full Moon in 
April, a. p. 30, Old Style, was on the 6 day, at 25 m. 
4 sec. past VIII in the evening. 


ve 
= 
bo 
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To calculate the true time of New or Full Moon, 
in any given year and month before the Chris- 
isan @ra. 


Precept I. Find a year in the 18" century, 
which, being added to the given number of years 
before Christ, diminished by one, shall make a 


- number of complete centuries. 


II. Find this number of centuries in Table VI, 
and subtract the time and anomalies belonging 
to it, from those of the mean new moon in 
March, the above-found year of the 18 cen- 
tury, and the remainder will denote the time and 
anomalies, &c. of mean new moon in March, 
the given year before Christ.—Then, for the 
true time thereof, in any month of that year, 
proceed as above taught. 
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EXAMPLE IV. 


Required the true time of New Moon in May, Old Style, the 
year before Christ 585? 


The years 584, added to 1716, make 2300, or 23 Centa- 
. ries. | 


By the Precepts. | New Moon. 


Sun’s Anom. |Moon’s Ayom, Sim from node 


a ees 


March 1716, 11 17 33 
‘2300 years subt. Fil 5 57 


Mar. bef. Chr.585,| 0 11 35 


Add 3 Lunations, 88 14 12 9] 2 27 18 58) 2 


0 O 22 37 
5 15 41 17 
Time once equat. |28 146 8 6 14 41 20) 5 15 41 l7jand Arg. 4'3 
Second Equation, -- 2 15 lArg. 3° equat.jArg. 24 equat.jequation, 


May bef. Chr. 585,28 1 47 45 
First Equation, — 1 31 


Time twice equat.|28 4 1 
Third Equation, + ] 
4 


‘Time thrice equat.'28 2 if 
Fourth Equation, + 1 


‘True New Moon. |28 4 2 30 


So the true time was May 28, at 2 minutes 30 seconds 
past IV in the afternoon. 
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These tables are calculated for the meridian 
of London, but they will serve for any other 
place, by subtracting four minutes from the ta- 
bular time, for every degree that the meridian 
of the given place is westward of London, or 
adding four minutes for every degree that the 
meridian of the given place is eastward : as in 


EXAMPLE V. 


Required the true time of Full Moon at Alexandria in Exgypty 
in September, Old Style, the year before Christ 201? 


The years 200 added to 1800, make 2000, or 20°Centiiries, |’ 
By the Precepts, | New Moon. 


Sun’s Anom. |Moon’sAnom.|Sun from node| 


‘1D. H. M, S. 


March 1800, 13 0 22 171 8 23-19 55/10 7 52 3611 3 58 24} 


Add 1 Lunation, | 29 12 44 31029 6 19} 0 25 49 0} 1 0 40 14 


From the Sum, 42 13 6 20) 9 22 96 IAIlI | O 4 38 38 
Subtr. 2000 years,| 27 18 9 19; 0 8 50 0 015 42° 016 27 45 O 


N.M. bef. Chr.201,] 14 18.57 1) 9 13 86 IT410 17°59 36,5 6 53 38) 
Add 6 Lunations|177 4 24.18) 5 24 37 56,5 4 54 3'6 4 JI 24 
half Lunat.| 14 18 22 2) 0 14 33 10) 6 12.54 301015 20 7 


Full Moon, Sept. | 22 17 43 21) 3 22 47 2010 5 48 911 26 15 9 
First Equation, — 352. 610 419 55\— 1.28 14), .” 
——_—— | i Sun from node 
Time once equat. | 22 13 51 15] 5 18 27 25110 4 19 55land Arg. 4% 
Second Equation, | — 8 25 4/Arg. 34 equat.|Arg. 2° equat.equation, 


Time once equat. | 22 5 26 11 
Third Equation, — 58 


‘Time thrice equat.| 22 5 25 13 
Fourth Equation, — 12 


Tr. timeat London 22 5 25 1 
Addfor Alexandria, BEST 


oe 


True time there, | 22 7 26 28 


Thus it appears, that the true time of Full Moon at Alex- 
andria, in September, Old Style, the year before Christ 201, 
was the 22° day, at 26 minutes 28 seconds after VII in the 
evening. 
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‘ EXAMPLE Vi. 


ep | 


pines: the true time of Full Moon at Babylon.in October, Old 
Style, in the A008th year before the first year of Christ, or 


4007 years before the year of his Birth ? 


The years 4007, added to 1703, makes 5800, or 58 centuries, 


By the Precepts, New Moon. | Sun’s Anom. presen 6 Anom.|Sunfrom node} CHAP, 


Dom MY Sat ele Le Ter ata 
March 1793, 30 9 18 55.9 10 16 11) 8. 7 37 58 
Subtr. 5800 years, }.15 12 38 7H0O 21 35 O| 6 24 43 O 


i 


ooo 


N.M. bef. Chr.4007,) 14 20 35 48/10 18 41 11) 1 12 54 58 
Add 7 Lunations, [206 17 8 21} 6 23 44 15,6 0 43 38 
half Lunat. | 14 18 22 2] 0 14 33 10) 6 12 54 30 


Full Moon, October, 22 8 6 11) 5 26 538 36 1:26 32°31} 5 13 19 4] 


First Equation, — #3 26] 1.26 27,26 .— 5 5 


ere | teers om Se 


9 1 


9 
w | 
O01 


——— 


mop MIX. 


23 17 26 


4 Al 38 
5.20 1 


—-—- |Sun from node 


Time once equat. | 22 7 52 45) 4 O 31 10, 1 26 27 26jand Arg, 4'» 
Second equation, + 8.29 2l/Arg. 34 equat./Arg. 24equat.lequation. 


Time twice equat. | 22 16 2 
Third Equation. a 


Time thrice equat. | 22 16 17 56 
Fourth equation, ‘  — 5] 
Full Moon at Lond.| 22 16 17 5 
Add for Babylon, 2 25 4) 

Mi 
True time there, 22 18 42 40 


So that, on the meridian of London, the true time was 
October 23, at 17 min. 5 sec. past IV in the morning ; ; but 
at Babylon, the true time was October 23, at 42 min. 46 
sec. past VI in the morning.—This is supposed ue some to 


have been the year of the Creation. 


4 


CHAP. 
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‘I calculate the true time of New or Full Moon, 


in any given Year and Month oe the 18 
Century. | 


Precept I. Find a year of the same number 
in the 18" century with that of the year pro- 
posed, and take out the mean time and anoma- 
lies, &c. of new moon in March, old style, for 
that year, in Table I. 

IJ. Take so many years from table VI, as, 
when added to the above-mentioned year in the 

18” century, will answer to the given year in 
which the new or full moon is required: and 


. take out the first new moon, with its anomalies, 


= 


for these complete centuries. 

III. Add all these together, and then work in | 
all respects as above shewn, only remember to 
subtract a lunation and its anomalies, when the 
abovesaid addition carries the new moon beyond 
the 31** of March, as in the following example. 
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: _ EXAMPLE VIi. 


Required the true time of New Moon in Fuly, Old Style, A. D. 
2180 ? 


Four 3p vag or 400 years, added to ALD. bo makes 
2180. 


By the Precepts, | New Moon. 


D. H. M. §&. 


March 1780, 23 23 1 44 
Add 400 years, | 17 8 43 29 
From the sum Al 7 45 13) 9 17 42 13/112 22 35 41 


subir. 1 Lutation, | 29 12 44 3/ 0 29 6 19] 0 25 49 O 


New ) March 2180,) 11 19 
Add 4 Lunations, 18 2 56 12 


New ) July 2180, 
First Equation, — | 


Time once equated,} 7 20 53 43\10 5 22 34] 2 9 38 37jand Arg. 4'5 
second Equation, + 9 24 sjArg. 3% equat.jArg, 24 equat.jequation. 


Time twice equated, 
rhird Equation, 


Time thrice equat. 
Fourth Equation, 


True time, July, 


True time, July 8, at 22 minutes 55 seconds past VI in 
the int 


CHAP. 
, mx, 
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In keeping by the old style, we are always sure 
to’ be right, by adding or subtracting whole hun- 
dreds of years to or from any given year in the 
18" century. But in the new style we may be 
very apt to make mistakes, on account of the 


leap-year’s not coming in regularly every fourth 
year: and therefore, when we go without the 


limits of the 18™ century, it will be better to keep 
by the old style, and, at the end of the calculation, 


reduce the time to the new. Thus, in the 224 


century, there will be 14 days difference between 
the styles; and therefore, the true time of new 
moon in this last example being reduced to the 
new style, will be the 22° of July, at 22 minutes 


_ 55 seconds past VI in the evening. 


To calculate the true place of the Sun for any 
given moment of time. ; 


Precept I. In table XII, find the next lesser 
year in number to that in which the Sun’s place 
is sought, and write out his mean longitude and 
anomaly answering thereto: to which add his 
mean motion and anomaly for the complete re- 
sidue of years, months, days, hours, minutes, and 
seconds down to the given time, and this will be 
the Sun’s mean place and anomaly at that time, 
in the old style, provided the said time be in any 
year after the Christian zera. See the first follow- 
ing Example. | 

II. Enter table XT, with the Sun’s mean 
anomaly, and making proportions for the odd — 
minutes and seconds thereof, take out the equa- 
tion of the Sun’s centre: which, being applied 
to his mean place as the title 4dd or Subtract 
directs, will give his true place or longitude from 
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the vernal equinox, at the time for which it was ee 

required. | ’ 
TH. To Piouate the. Sun’s place for any time . 

ina given year before the Christian era, take 

out his mean longitude and anomaly for the first 

year thereof, and from these numbers subtract 

the mean motions and anomalies for the com- 

plete hundreds or thousands next above the given 

year; and, to the remainders, add those for the 

residue of years, months, &c. and then work in” 

all respects as above. See the second Example 

Sollowing. 


$96 Examples from the preceding Tables. 


EXAMPLE I. 
. Required the Sun’s true place, March 20, Old Style 1764, aé 


22 hours 30 minutes 25 seconds past noon ?—In common reck- 
oning, March rg at 10 hours 30 minutes 25 seconds in the 
Sorenoon. 


Sun’s os Sun’s Anom. 


oon o Reenter, |. 


Add complete years - = - 


Bissextile, Days - ‘20 Al 55 20 41.55 
Hours’ - 54 18 54 13 
Minutes - 114} 
Seconds - ] 


Sun’s mean place at the given time | 0 10 14 36| 9 1 27 23 
‘Equation of the Sun’s centre, add 1 55 36 | Mean Anom. 


§Sun’s true place at the same time _ 0 12 10 12 orq12 10 12 


EXAMPLE Il. 


Required the Sun’s true place, October 23, Old Style, at 16 hours 
57 minutes past noon, in the A800% year before the year of 
Christ 13 which was the 4007% before the year of his birth, 
and the year of the Fulian period 706 ? 


By the precepts. Sun’sLongit. | Sun’s Anom. 


° s t W s o tf W 


¥romtheradicalnumbersafterChrist 119 753 10| 6 28 48 6 
Subtract those for 5000 complete years\l 7 46 40} 1013 25 9 
Remains for a new radix 8 0 6 30] 8 15 23 GO 
. €900I0 6 48 Oj 11 21 37 O 

complete years } 80i0 O 36 16/11 29 15 @ 

To which add, 120 O 5 26) 11 29 53 0O 
to bring it to Octoberi8 29 454] 8 29 4 O 
the given time Days 23) 22 40 12 22 40 12 
Hours 16 39 26 89 26 

Minutes 57 2 20. 2 26 


Sun’s mean place at the giventime |6 0 3 4{ 5 28 33 58 
Xquation of the Sun’s centre subtract 3 41] Sun’s Anom. 


=a 7 


= 


Gun’s tree place at the same time [6 0 0 Oor0 0 0 
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So that in the meridian of London, the Sun crap. 
was then just entering the sign . Libra, and, X!% 
consequently, was upon the point of the autum- 
nal equinox. 

If to the above time of the autumnal equinox 
at London, we add 2 hours 25 minutes 41 se- 
conds for the longitude of Babylon, we shall 
have for the time of the same equinox at that 
place, October 234, at 19 hours 22 minutes 41 
seconds ; which, in the common way of reckon- 
ing, is October 24th, at 22 minutes 41 seconds 
past VII in the morning.* 

And it appears by Example VI, that in the 
same year, the true time of full moon at Baby- 
lon was October 23%, at 42 minutes 46 seconds 
after VI in the morning; so that the autumnal 
“equinox was on the day next after the day of full 
moon. ‘The dominical letter for that year was 
G, and consequently the 24" of October was on 
a Wednesday. 


t The reason why this calculation makes the autumnal 
equinox, in the year of the Julian Period 706, to be two 
days sooner than the time of the same equinox mentioned 
in page 189, is, that in that page, only the mean time is 
taken into the account, as if there was no equation ef the 
Sun’s motion. : 

The equation at the autumnal equinox then, did not ex- 
eeed an hour and a quarter, when reduced to time.—But, 
inthe year of Christ 1756, which was 5763 years after, 
the equation at the autumnal equinox amounted_-to 1 day: 
22 hours 24 minutes, by which quantity, the true time. 
fell later than the mean.—So that, if we consider the true 
time of this last-mentioned equinox, only as mean time, the 
mean motion of the Sun carried thence back to the au- 
tumnal equinox in the year of the Julian Period 706, will, 
Gx it to the 25" of October in that ycar. 


~ CHAP, 
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398 Concerning Eclipses of the Sun-and Moon. 


Po find the Sun’s distance from the Moon’s ascend- 
ing Node, at the time of any given New or 
Full Moon ; and, consequently, to know. whee 
ther there is an Eclipse at that time or nots 


The Sun’s distance from the Moon’s ascend- 
ing node, is the argument for finding the Moon’s 
fourth equation in the syzygies, and therefore it 
is taken into all the foregoing examples in find- 
ing the times thereof. ‘Thus, at the time of 
mean new moon in April 1764, the Sun’s mean 
distance from the ascending bade, is O° 5° 35’ 2”, 
See Example J, p. 384. 

The descending node is opposite tothe ee 
ing one, and they are just six. signs distant from 
each other. 

When the Sun is within 17 degrees of either 
of the nodes at the time of new moon, he will 
be eclipsed at that time: and when he. is within 
12 degrees of either of the nodes at the time of 


full moon, the Moon will be then eclipsed. 


Thus we find that there will be an eclipse of the 
Sun at the time of new moon in April 1764. 
But the true time of that new moon comes 


out by the equations to be 50 minutes 46 se- 


conds later than the mean time thereof, by com- 
paring these times in the above example ; Seats 
therefore, we must add the Sun’s motion ee 
the node during that interval, to the above mean 
distance O* 5° 35' 2", which motion is found in. 
table XII for 50 minutes 46 seconds, to be 2’ 
12". And to this we must apply the equation of 
the Sun’s mean distance from the node in table 
KV, found by the Sun’s. anomaly, which, at’the 
mean time of new moon in example I, is 9° y 
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26’ 19’; and then we shall have the Sun’s true cuap. 
_distance from the node, at the true time of new, *!*- 
“moon, as follows : 


Sun from Node. 
& o é i 


At the mean time of new moon in April 
1764 * - - 0535 @ 
Sun’s motion from the node 50 minutes 2 10 
for - - A6 minutes - v 


‘Sun’s mean distance from node at true ; 
new moon - - 0 5 37 14 
‘Equation of mean distance tie node, add 2 5 O 


Sannin! 


Sun’s true distance from the ascending 
node - - - 0 7 42 14 


Which being far within the above limit of 17 
degrees, shews that the Sun must then be eclips- 
ed, 

And now we shall hae ‘how to project this, 

_or any other eclipse, either of the Sun or Moon. 


To project an Eclipse of the Sun. 


In order to do this, we must find the ten follow- On the pre- 
ing elements, by means of the tables. - Eines 
1. The true time of conjunction of the Suns a 
and Moon; and at that time, 2. The semidia- 
meter of the Farth’s disc, as seen from the Moon, 
which is equal to the Moon’s horizontal parallax. 
3. The Sun’s distance from the solstitial colure 
to which he is then nearest. 4. The Sun’s de- 
clination. 5. ‘The angle of the Moon’s visible 
path with the ecliptic. 6. ‘The Moon’s latitude. 
7. The Moon’s true horary motion from the 
Sun. &. The Sun’s semidiameter. 9. The 


3 
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XIX. 


bra. 
sa ip 
We shall now proceed to find these elements 


for the Sun’s eclipse in April 1764. 

To find the true time of new moon.—This, by 
example 1,'p. 384, is found to be on the first 
day of the said month, at 30 minutes 25 seconds 
after X in the morning. 

2. To find the Moon’s horizontal parallax, or 
semidiameter of the Earth's disc, as seen from the 
Moon.—-Enter table XVII, with the signs and 
degrees of the Moon’s anomaly (making pro- 
portions, because the anomaly is in the table 
only to every 6" degree); and thereby take out 

_ the Moon’s horizontal parallax ; which, for the 
above time, answering to the anomaly 11° 9° 24! 
ud Is 54 53”, 

. To find the Sun’s distance from the 1 nearest . 
ileal viz. the beginning of Cancer, which is 3° 
or 90° from the hewinning of Aries.—It appears 
by the example on page 396, (where the Sun’s 
place is calculated to the above time of new 
moon) that the Sun’s longitude from the be- 
ginning of Aries, is then O° 12° 10° 12”, that is, 
the Sun’s place at that time is y~ Aries, 12° 10/ 


eee | 

3 oO i n 
‘Therefore, from - - 3.0 0 0 
Subtract the Sun’s longitude or place 0 12 10 12 


Remains the Sun’s Sage from the sol- 

stice 95 * = - = 2 17 49 48 
Or 77° 49° 48"; each sign, containing 30 degrees. 

4, To find the Sun’s declination.—Enter table 
XIV, with the signs and degrees of the Sun’s 
true place, viz. O° 12°, and making proportions | 
for the L0’ 12”, take out the Sun’s declination 

We. 


~ 
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answering to his true place, and it will be found’ CHAP, 
to be 4° 49° north. i XE 

5. To find the Moon’s latitude —This depends | Baris 
on her distance from her ascending’ node, which _ 
is the samé as the Sun’s distance from ‘it at the 
time of new moon ; andi is ‘igh found in Table 
XVI. 

But we ite already found, that ‘hie Sun’ $ 
equated distance from the ascending node, at the 
time of new moon in April 1764, is 0°.7° Ne 
14”. See p. 399. 

Therefore, enter Table XIV, with O signs at 
the top, and 7 and 8 degrees at the left hand, 
and take out 36’ and 39”, the latitude for 7°; 
and 41’ 51”, the latitude for 8°: and by making 
proportions between these latitudes for the 42 
14’, by which the Moon’s distance from ‘the 
node exceeds’'7 degrees ; her true latitude will 
_ be found to be 40’ 18” north ascending, 

6. To.find the Moon’s true horary motion froin 
the Sun.— With the Moon’s anomaly, viz. 11° 
9° 24’ 21”, enter Table X VII, and take out the 
Moon’s horary motion ; aliieh; by making pro- 
portions in that table, will be found to be 30 
22”. Then, with the Sun’s anomaly, 9° 1° 96 
19%,take out his horary.motiom 2’ 28” from the | 
same table; and, subtracting the latter from the- 
former, there will remain 27’ 54”, for the Moon’s- 
true horary motion trom the Sun: » 

1. To find the angle of the Moon's ‘visible path 
with the ecliptic.—This, in the projection of.eclipe . 
ses, may be always rated at 5° 35',. without anys 
sensible error. 

8,9. To jind the phen Nnatiod of the Suit. sl. 
Mork — These are found in the, same table, and 
by the same arguments, as their’ horary motions. 


In the present case, the Sun’s‘anomaly gives his. 
Fol. , Ce 
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CHAP.. semidiameter 16’ 6’, and the Moon’s anomaly 


XIX. 
“eto, pend 


gives her semidiameter 14 57”. 
10. To jind the semidiameter of the penum- 


bra. —Add the Moon’s semidiameter to the 
Sun’s, and their sum will be the semidiameter of 
the penumbra, viz. 31’ 3”. 

Now collect these elements, that they may be 
found the more readily when they are wanted in 
the construction of this eclipse. . 


Ss 


On the pro- 


D He Me & 


I: True time of new moon in April, 

1764, ~ : ° - 1 10 30 25 
© hb 
®. Semidiameter of the Earth’s disc, - 0 54 53 
3. Sun’s distance from the nearest solstice, 77 49 48 
4. Sun’s declination, north, - 449 O 
5. Moon’s latitude, north ascending, - 0 40 18 
6. Moon’s horary motion from the Sun, 0 27 54 

7. Angle of the Moon’s visible path with 
the ecliptic, - - (93a 40 
8. Sun’s semidiameter, - - 16 6 
9, Moon’s semidiameter, - iy tae OG 
0. Semidiameter of the penumbra, . 31 3 


To project an Eclipse of the Sun geometrically. 


Make a scale of any convenient length, as 4 C, 


jection of afid divide it into as many equal partsas the Earth’s 
solareclip semi-disc contains minutes of a degree; which, 
PrareXt,at the time of the eclipse in April 1764, is 54! 
Fe. 1-53") Then, with the whole length of the scale 
as a radius, describe the semicircle 4/MB upon 
the centre € ; which semicircle shall represent 
the northern half of the Earth’s enlightened disc, 
as seen from the Sun. 


Upon the centre C raise the straight line C HZ, 


perpendicular to the diameter 4 CB; and 4C B 
shall be a kone of the ecliptic, and CH its axis, 
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Being provided with a good sector,* open it CHAP. 
to the radius CA in the line of chords; and,, *™ 
taking from thence the chord of 232 degrees in 
your compasses, set it off both ways from H, to 
g and to’ A, in the periphery of the semi-disc ; 
and draw the straight line g VA, in which the 
north pole of the disc will be always found. 

When the Sun is in Aries, Taurus, Gemini, 
Cancer, Leo, and Virgo, the north pole of the 
Earth is enlightened by the Sun: but whilst the 
Sun is inthe other six signs, the south pole is 
enlightened, and the north pole is in the dark. 

And when the Sun is in Capricorn, Aquarius, 
Pisces, Aries, Taurus, and Gemini, the northern 
half of the Earth’s axis C XII P lies to the right 
hand of the axis of the ecliptic, as seen from the 
Sun; and to the left hand, whilst the Sun is in 
the other six signs. | 

Open the sector till the radius (or distance of 
the two 90’s) of the signs be equal to the length 
of Yh, and take the sine of the Sun’s distance 
from the solstice 77° 49° 48” as nearly as you 
can guess, In your compasses, from the line of e 
sines, and set off that distance from to P in 
the line g Yh, because the Earth’s axis lies to 
the right hand of the axis of the ecliptic in this 
case, the Sun being in Aries; and draw the 
straight line C XII P for the Earth’s axis, of 
which P is the north pole. Ifthe Earth’s axis 
had lain to the left hand from the axis of the 
ecliptic, the distance YP would have been set 
off from V towards g. 

To draw the parallel of latitude of any. given 
place, as suppose London, or the path of that 
place on the Earth’s enlightened disc as seen from 


* A method of projecting an eclipse of the Sua, with the 
aid only of a ruler and pair of compasses, will be found in Fer- 
guson’s Lady’s and Gentleman’s Astronomy. 


ce 
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a AP. Loe Sun, from sun-rise till sun-set,. take; the’ fol- 
, lowing method. 

Sateract the latitude ah London, 512° Friis 
$0°, and the remaindcr 382° will be the co-lati- 
tude, which take in your compasses from the line 
of chords, making C4 or CB the radius, and 
set it from A, where the Earth’s axis meets the 
periphery of the disc, to VI and VI, and draw the 
occult, or dotted line VI K VI. whens from the 

_ points ‘where this line meets the Earth’s disc, set 
off the chord of the Sun’s declination 4° 49’ to 
Dand F,and to & and: G, and connect these: 
points by the two. occult: lines F XII. G, and 
DLE. 

Bisect ZK XILin K, and through the point K 
draw the black line VI K VI. Then making CB 
the radius of aline of sines on the sector, take the 
co-latitude of London 382° from the sines in 
your compasses, and set it both ways from K, to 
Vi and VI. These hours will be just in the edge 
of the disc at the equinoxes, but at no other time 
in the whole year. 

’ With the extent K VI taken into your com=~ 
passes, set one foot in K (in the black line below 
the occult one) as a centre, and with the other 
foot describe the semicircle VI, 7, 8,9, 10, &c. 
and divide it into 12 equal parts. Then, from these 
points of division, draw the occult line T piBey 
gn, &c. parallel to the Earth’s axis C XII P. 

With the small extent K XII as a radius, de- 
scribe the quadrantal arc XIL_f, and divide it in- 
to six equal parts, as XII a, ab, bc, cd, de, and 
ef; and through the division points, a, °b, c, de, 
draw the occult lines VIl e V, VIII d IV, 1X c 
Il, X 4 1I, and XI aI, all parallel to VK VI, 
and meeting the former occult lines 7 p, 8 0. gc. 


in the points VIL VIII IX X XI, V IV I Il and 
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1: which points will mark the several situations crap. 
of London on the Earth’s disc, at thesehoursre- 1X: 
spectively, as seen from the Sun ; and the ellip- “77 
- tic curve VI VII VIII, &c. being drawn through 
these points, will represent the parallel of lati- 
tude, or path of London on the disc, as seen from 
the Sun, from its rising to its setting. 

N. B. If the Sun’s declination had been south, 
the diurnal path of London would have been on 
the upper side of the line VI K VI, and would 
have touched the line D Z E in L,—It is requi- 
site to divide the horary spaces into quarters (as 
some are in the figure), and, if possible, into mi- 
nutes alse. 

Make CB the radius of a line of chords on 
the sector, and taking therefrom the chord of 
- 5° 35’, the angle of the Moon’s visible path with 
the ecliptic, set it off from H to M on the left 
hand of CH, the axis of the ecliptic, because 
the Moon’s latitude is north ascending. Then 
draw CM for the axis of the Moon’s orbit, and 
bisect the angle M/C 7 by the right-line C' z.— 
If the Moon’s latitude had been north descend- 
ing, the axis of her orbit would have been on the 
right hand from the axis of the ecliptic. 

N. B. The axis of the Moon’s orbit lies the 
same. way when her latitude is south ascending, 
as when it is north ascending ; and the same way 
when south descending, as when north descending. 

Take the Moon’s latitude 40' 18” from the 
scale CA in your compasses, and set it from i to 
x in the bisecting line Cz, making iw parallel to 
Cy: and through 2, at right angles to the axis 
of the Moon’s orbit CM, draw the straight line 
Nw «xy S for the path of the penumbra’s centre 
over the Earth’s disc.—The point w, in the axis 
of the Moon’s orbit, is that where the penumbra’s 

Cc3 
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CHAP. centre approaches nearest to the centre of the 
Farth’s disc, and consequently is the middle of 
the general eclipse: the point x is that where - 
the conjunction of the Sun and Moon falls, ac- 
cording to equal time by the tables ; and the point 
y is the ecliptical conjunction of the Sun and 
Moon. | 

Take the Moon’s true horary motion from 
the Sun, 27' 54", in your compasses, from the 
scale C4 (every division of which is a minute of 
a degree), and with that extent make marks 
along the path of the penumbra’s centre; and 
divide each’space from mark to mark, into sixty 
equal parts or horary minutes, by dots; and set 
the hours to every 60" minute, in such a manner, . 
that the dot signifying the instant of new moon 
by the tables, may fall into the point 2, half way 
between the axis of the Moon’s orbit, and the 
axis of the ecliptic ; and then, the rest of the dots 
will shew the points on the Earth’s disc, where 
the penumbra’s centre is at the instants denoted 
by them, inits transit over the Earth. 

Apply one side of a square to the line of the 
penumbra’s path, and move the square back- 
wards and forwards, until the other side of it | 
cuts the same hour and minute (as at m and m) 
both in the path of London, and in the path of 
the penumbra’s centre: and the particular mi- 
nute or instant which the square cuts at the same 
time in both paths, will be'the instant of the vi- 
sible conjunction of the Sun and Moon, or great- 
est obscuration of the Sun, at the place for which 
the construction is made, namely, London, in the 
present example ; ; and this instant is at 472 mi- 
nutes past X o’clock in the morning, which is 
17 minutes 5 seconds later than the tabular time 
of true conjunction, 
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‘Take'the Sun’s semidiameter,-16’ 6’, in “your ‘CHAP. 
compasses, from the scale CA, and setting one, *)* 
foot in the path of London at m, namely, at 474 
minutes past X, with the other foot describe the 
circle U Y, which shall represent the Sun's disc 
as seen from London at the greatest obscuration. 
—Then take the Moon’s semidiameter, 14 57’, 
an your compasses, from the same scale ; and ae 
ting one foot in the path of the penumbra’ Ss cen- 
tre at m, in the 472 minute after X ; with the 
other foot describe the circle 7’ Y for the Moon’s 
disc, as seen from London, at the time when the 
eclipse is at the greatest ; and the portion of the 
Sun’s disc which is hid or cut off by the Moon’s, 
will shew the quantity of the eclipse at that time ; 
which quantity. may be measured on a line equal 
to the Sun’s diameter, and divided into twelve 
equal parts for digits. 

Lastly, take the semidiameter of the penum- 
bra, 31’ 3”, from the scale C_A4, in your compas- 
ses; and setting one foot in the line of the pe- 
numbra’s central path, on the left hand from the 
axis of the ecliptic, direct the other foot towards 
the path of London ; and carry that extent back- 
wards and forwards, till both the points of the 
compasses fall into the same instants in both the 
paths: and these instants will denote the time 
when the eclipse begins at London.—Then, do . 
the like on the right hand of the axis of the 
ecliptic ; and where the points of the compasses 
‘fall into the same instants in both the paths, they 
will shew at what time the eclipse ends at Lon- 
don. 

These trials give 20 minutes after IX in the 
morning for the begmning of the eclipse at Lon- 
don, at the pomts Vand O; 475 minutes after 
_&, at, the points m and m, for the time of greats 


— 
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CHAP. est obscuration ; and 18 minutes after XII, at R 
ae and §, for the time when the eclipse ends, ac- 
cording to mean or equal time. — 

From these times we must subtract the equa- 
tion of natural days, viz. 3 minutes 48 seconds, 
in leap year April 1, and we shall have the appa- 
rent times ; namely, [X hours 16 minutes 12 se- 
conds for the beginning of the eclipse, X hours 
43 minutes 42 seconds for the time of greatest 
obscuration, and XII hours 14 minutes 12 se- 
conds for the time when the eclipse ends.—But 
the best way is to apply this equation to the true 
equal time of new moon, before the projection 
be begun, as is done in example I. For the 
‘motion or position of places on the Earth’s disc 
‘answers to apparent or solar time. 

In this construction, it is supposed, that the 
angle under which the Moon’s disc is seen, dur- 
ing the whole time of the eclipse, continues in- 
variably the same; and that the Moon’s motion 
is uniform and rectilinear during that time.—But 
these suppositions do not exactly agree with the 
truth; and, therefore, supposing the elements 
given by the tables to be accurate, yet the times 
and phases of the eclipse, deduced from its con- 
“struction, will not answer to exactly what pass- 
es in the heavens; but may be at least two or 
three minutes wrong, though done with the 
greatest care.—Moreover, the paths of all places 
of considerable latitudes are nearer the centre of 
the Earth’s disc, as seen from the Sun, than those 

constructions make them; because the disc is 
projected as if the Earth were a perfect sphere, 
although it is known to be a spheroid. Conse- 
quently, the Moon’s shadow will go. farther 
northward in all places of northern latitude, and 
farther southward in all places of southern Iati- 


2 
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tude, than it is shewn to do in these projections. cHap 
—According to Meyer’s tables, this eclipse will .*!*_ 
be about a quarter of an hour sooner than either 

these tables, or Mr. Flamstead’s, or Dr. Halley’s 

make it: and will not be annular at London. But 

M. De la Caille’s make it almost central. 


Lhe projection of Lunar Eclipses. 


When the Moon is within 12 degrees of either On the pre- 


of her nodes, at the time when she is full, she {<te" 
will be eclipsed, otherwise not. ~ eclipses. 


We find by example II, page 385, that at the 
time of mean full moon in May 1762, the Sun’s 
_ distance from the ascending node was only 4° 49’ 

35” ; and the Moon being then opposite to the 
Sun, must have been just as near her descending 
ode, and was therefore eclipsed. _ 

The elements for constructing an eclipse of the 
Moon, are eight in number, as,follow.— 

_. 1. The true time of full moon; and at that 

time, 2. The Moon’s horizontal parallax. 3. 
-. The Sun’s semidiameter. 4, The Moon’s semi- 
diameter. 5. The semidiameter of the Earth’s 
shadow at the Moon. 6. The Moon’s latitude. 
7. The angle of the Moon’s visible path with the 
ecliptic. 8. The Moon’s true horary motion from 
the Sun.—Therefore, 

1. To find the true time of Full Moon. Work 
as already taught in the precepts.—-Thus we have © 
the true time ef full moon in May 1762 (see 
example II, page 385) on the 8" day, at 50 mi- 
nutes 50 seconds past III o’clock in the morn- 
ing. 
2. To find the Moon’s horizontal Parallax. 
Enter Table X VII, with the Moon’s mean anom- 
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cuap. aly (at the above full) 9° 2° 42’ 42”, and with it~ 


XIX. 


take out her horizontal parallax; which, by 
making the requisite proportions, will be found 
to be 57’ 23”. 

3, 4. To find the semidiameters of the Sun and 
Moon. Enter Table XVI, with their respective 
anomalies, the Sun’s being 10° 7° 27’ 45” (by the 
above example), and the Moon’s 9° 2° 42/ 42” ; 
and with these take out their respective semidiame- 
ters; the Sun’s 15’ 56”, and the Moon’s 15’ 38’. 

5. To find the semidiameter of the Earth's 
Shed at the Moon. Add the Sun’s horizontal 
parallax, which is always 9", to the Moon’s, 
which in the present case is 57 : 23", the sum will 
be 57’ 32”, from which subtract the Sun’s semi- 
diameter 15’ 56, and there will remain 41’ 36” 
for the semidiameter of that part of the Earth’s 
shadow which the Moon then passes through. 

6. To find the Moon’s Latitude. Find the 
Sun’s true distance from the ascending node (as 
already taught in page 398) at the true time of 
full moon; and this distance, increased by six 
signs, will be the Moon’s true distance from the 
same node; and consequently the argument for 
finding her true latitude, as shewn in page 398. 

‘Thus, in example H, the Sun’s mean ae 
from the ascending node was O° 4° 49/ Wor. 
the time of mean full moon: but it appears by 
the example, that the true time thereof was 6 
hours 83 minutes 38 seconds sooner than the 
mean time, and therefore we must subtract the 
Sun’s motion from the node (found in Table XII, 
page 372-6) during this interval, from the above 
mean distance O° 4° 49’ 35”, in order to have 
his mean distance from it at the true time of full 


--moon.—Then to this apply the equation of his 


mean distance from the node, found in Table 
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KV, by his mean anomaly 10° 7° 27/45; and 
lastly, add six signs: so shall the Moon’ s true 
distance from the ascending node be found as 


follows.——~ 
SO ela Ld 
Sun from node at mean fuli moon,» - 0 4 49 35 


6 hours | ) 15 3a 

His motion from it in < 33 minutes 1 26 
38 seconds 2 

Sum, subtract from the uppermost line, 17 3 


Remains his mean. distance at tne it 0 4392 39° 


moon, = - - = - - - 

Equation of his mean distance, add. 138 0 
Sun’s true distance from the node, 0.6 10 32 
To which add 6 0 0 0 
And the sum will be 6 10 82 


Which is the Moon’s true distance from her as- 
-eending node at the true time of her being full ; 
and consequently the argument for finding her 


CHAP. 
XIX. 
Leura penn) 


true latitude at that time.—-Therefore, with this | 


argument, enter Table XVI, making proportions 
between the latitudes belonging to the 6 and 
7 degree of the argument at the left hand (the 
signs being at the top) for the 10’ 32”, and it 
will give 32’ 21” for the Moon’s true latitude, 
which appears by the table to be south descend. 
in 

7. To find the angle of the Moon’s visible path 
_ with the Ecliptic. ‘This may be stated at 5° 35’, 
without any error of consequence in the projec« 
tion of the eclipse. 

8. Lo find the Moon’s true horary motion from 
the Sun. With their respective anomalies take 
gut their horary motions from Table XVI, m 


¥ “ 


f 
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CHAP. page 380; and the Sun’s horary motion sub- 

“IX. tracted from the Moon’s, leaves remaining the 
~ Moon’s true horary motion from the Sun; in 
the present case 30’ 52”. 


Now collect these elements i ne Si 
$ 


1. True time of full moon in May 1762, § 3 50 50 


® a “9 
2. Moon’s horizonta! parallax, 0 57 23 
3. Sun’s semidiameter, “ 0-15°56, 
4. Moon’s semidiameter, 0 15 38 
5. Semidiameter of the Marth’ s shadow at 
the Moon, » $ 0 41 36 


Z Moon’s true latitude, south descending, O'S2 24 
7. Angle of her visible path with the ecliptic, BS i eel | 
8. Her true horary motion from the Sun, 0 30 52 


These elements:being found for the construc- 
tion of the Moon’s eclipse in May, 1762, pro- 
ceed as follows: 

_ PsateXtl, Make a scale of any convenient length, as 

Fis: %. W X, and divide it into 60 equal parts, each part 
standing for a minute of a degree. 

Fig. 3. Draw the right line 4C B (Fig. 3) for part 
of the ecliptic, and CD perpendicular thereto for 
the southern part of its axis; the Moon having 
south latitude. 

Add the semidiameters of the Moon and 
Earth’s shadow together, which, in this eclipse, 
will make 57' 15"; and take this from the scale 
in your compasses, and setting one foot in the 
point Casa centre, with the other foot describe 
the semicircle .4.D B ; in one point of which, 
the Moon’s centre will be at the beginning of the 
eclipse, and in another at the end thereof. _ 

Take the semidiameter of the Earth’s shadow, 
41' 37”,,in your compasses from the scale, and 
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setting one foot in the centre C, with the other 
foot. describe ‘the semicircle K LM for the 


southern half of the Earth’s shadow, because the: 


Moon’s latitude is south in this eclipse. 

Make C'D equal.to the radius of a line ah 
chords on the sector, and set off the angle of the 
Moon’s visible path with the ecliptic, 5° 35’, 
from D to E&, and draw the right line C F E for 
the southern half of the axis of the Moon’s orbit, 
lying to the right hand from the axis of the 
ecliptic C.D, because the Moon’s latitude is 
south descending.—It would have been the same 
way (on the other side of the ecliptic) if her lati- 
tude had been north descending ; but contrary 
in both cases, if her latitude had been either north 
ascending or south ascending. 


Bisect the angle DC #& by the right line C g ; 


in which line, the true equal time of opposition - 


of the #Sun and Moon falls, as given by the 
tables. 


. Take the Moon’s latitude, 32’ 21”, from the 


scale with your compasses, and set it from C to G, 
in the line CGg; and through the point G, at 
right angles to C FE, draw the right line 
P HGF N tor the path of the Moon’s centre.— 
Then, £ shall be the point in the Earth’s sha- 
dow, where the Moon’s centre is at the middle 
of the eclipse; G, the point where her centre is 
at the tabular time of her being full; and H, the 
point where her centre is at the instant of her 
ecliptical opposition. 

Take the Moon’s horary motion from the Sun, 
30/ 52’, in your compasses from the scale; and 
with that extent make ’ marks along the line of 
‘the Moon’s path PG N: then divide each space 
from mark to mark, into 60 equal parts, or ho- 
rary minutes, and set the hours to the proper 
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@HAP) dots in such'a manner, that the dot signifying the 


XIX. 


instant of full. moon (viz. 50. minutes 50 seconds 
after IIL in the morning), may be in the point G, 
where the line of the Moon’s path cuts - Hine! 
that bisects the angle D CE. 

Take the Moon's semidiameter, 15’ 88", 
your compasses from the scale, and with Nia ex- 
tent, as a.radius, upon the points N, F, and P, 
as centres, describe the circle Q for the Moon at 
the beginning of the eclipse, when she touches 
the Earth’s shadow at V; the circle R for the 
Moon at the middle of the eclipse ; and the cir- 
cle $ for the Moon at the end of the eclipse, just 
leaving the Earth’s shadow at 

The pomt NW denotes the «instant when the. 
eclipse begins, namely, at 15 minutes 10 seconds 
after II in the morning : the point F, the middle 
of the eclipse, at 47 minutes 4.5 seconds past IIT; 
and the point P the end of the eclipse, at 18 mi- 
nutes after V.—At the greatest obscuration, the 
Moon is 10 digits eclipsed. 


Concerning an ancient Eclipse of the Moon. 


It is recorded by Ptolemy, from Hipparchus, 
that on the 224 of September, the year 201. be- 
dore the first year of Christ, the Moon rose so 
much eclipsed at Alexandria, that the eclipse 


“must have begun about half an hour before she 


rose. 

Mr. Carey puts down this eclipse in me chro- 
nology as follows, among several other ancient 
ones, recorded by different authors. 


Jul. Per. | Ecl. € Per. Cal, 2. An. 54. Hor. 7. | Nabonassar 

4513 P. M. Alexandr. Dig. eccl, 10. 547 

Sept, 22. [ Ptolem.t,'4..¢e. 11] Mesor. 1Qs 
: L he : 
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That is, in the 4513'" year of the Julian pe- CHaP. 
riod, which was the 547 year from Nabonassar, __*'** 
and the 54™ year of the second Calippic period, 
on the 16" day of the month Mesori, which an- 
swers to the 22° of September, the Moon was 10 
digits eclipsed at Alexandria, at 7 o’clock in the 
eyening. 

Now, as our Saviour was born, according to 
the Dionysian, or vulgar zra of his birth, in the 
4713"" year of the Julian period, it is plain that 
the 4513™ year of that period was the 200™ year 
before the year of Christ’s birth; and conse- 
quently 201 years before the year of Christ 1. 

And, in the year 201, on the 224 of Septem- 
ber, it appears by Example V, (page 390), that 
the Moon was full at 26 minutes 28 seconds past 
VII in the evening, in the meridian of Alexan- 
dria. 

At that time, the Sun’s place was virgo 26° 
14’, according to our tables ; so that the Sun was 
then withm 4 degrees of the autumnal equinox : 
and according to calculation, he must have set at. 
Alexandria about 5 minutes after VI, and about 
one degree north of the west. 

The Moon being full at that time, would have 
risen just at sunset, about one degree south of 
the east, if she had been in either of her nodes, 
and her visible place not depressed by parallax. 

But her parallactic depression (as appears from 
her anomaly, viz, 10* 6° nearly), must have been 
55’ 17”; which exceeds her whole diameter 
by 24’ 53”; but then, she must have been ele- 
vated 33’ 45° by refraction; which, subtracted 
from her parallax, leaves 21’ 32” for her visible 
or apparent depression. 

And her true latitude was 30~’ north descend- 
ing, which being contrary to her apparent de- 


CHAP 
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Fig. 4. 
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pression, and greater than the same by 8’ 58”, 
her true time of rising must have been just about 
Vi o'clock. — 

Now, as the Moon rose about one degree 
south of the east at Alexandria, where the visi- 
ble horizon is land, and not sea, we can hardly ' 
imagine her to have been less than 15 or 20 mi-’ 
nutes of time above the true horizon before she 
was visible. | 

It appears by Fig. 4, which is a delineation of 
this eclipse reduced to the time at Alexandria, | 
that the eclipse began at 53 minutes after V in- 
the evening ; and consequently 7 minutes before 
the Moon was in the true horizon: to which, if 
we add 20 minutes for the interval between her 
true rising and her being visible, we shall have 
27 minutes for the time that the eclipse was be-’ 
gun before the Moon was visibly risen.—The- 
middle of this eclipse was at 30 minutes past VII, 
when its quantity was almest 10 digits, and its 
ending was at 6 minutes past 1X in the ‘evening. 
—So that our tables come as near to the recorded 
time of this eclipse as can be expected, ch i) 2 
lapse of 1960 years. 
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OF THE FIXED STARS, 


354, Use stars are said to be fixed, because they CHAP. 
have been generally observed to keep at thesame, **: 
distances from each other; their apparent diur-why the 
nal revolutions being caused solely by the Earth’s fixed stars 
turning on its axis. They appear of a sensible "23° 
magnitude to the bare eye, because the retina is viewed by 
affected not only by the rays of light which are pasar he 
‘ emitted directly from them, but by many thou-when secu 
sands more, which falling upon our eye-lids, and ata 
upon the aérial particles about us, are reflected 
into our eyes so strongly, as to excite vibrations 
not only in those points of the retina where the 
real images of the stars are formed, but also in 
other points at some distance round about. ‘This 
makes us imagine the stars to be much bigger 
than they would appear, if we saw them only by 
the few rays which come directly from them, so 
as to enter our eyes without being intermixed 
with others. Any one may be sensible! of this, 
by looking ata star of the first magnitude through 
a long narrow tube; which, though it takes. in 
as much of the. sky as would hold a thousand 
such stars, yet scarce renders that one visible. « 
_ The more a telescope magnifies, the less is thé 

aperture through which the star is seen; and 
consequently the fewer. rays it admits into, the 

Fol. I. | ae > a | 
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A proof 
that they 
shine by 
their own 


lights 
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eye. Now, since the stars appear less in a teles- 
cope which magnifies 200 times than they do to 
the bare eye, insomuch that they seem to be on- 
ly indivisible points, it proves at once that the 
stars are at immense distances from us, and that 
they shine by their own proper light. If they 
shone by borrowed light, they would be as invis- 
ible without telescopes as the satellites of Jupiter 
are ; for these satellites appear bigger when view- 
ed with a good telescope than the largest fixed 
stars do. } | 
855. The number of stars discoverable, in 
either hemisphere, by the naked eye, is not above 
_a thousand. This at first may appear incredible, 
because they seem to: be without number: but 
the deception arises from our looking confusedly 


Theirnum-upon them, without reducing them into any or 


ber much 
less than is 


generally 
imagined, 


der: for look but stedfastly upon a pretty large 
portion of the sky, and count the number of stars 
in it, and you will be surprised to find them so 
few. And if one considers how seldom the Moon 
meets with any stars in her way, although there 
are as many about her path as in other parts of 
the heavens, he will soon be convinced that the 
stars are much thinner sown than he was aware 
of.. The British catalogue, which, besides the 
stars visible to the bare eye, includes a great 
number which cannot be seen without the assist- 
ance of atelescope, contains no more than 3000, 
in both hemispheres. . 

a aw, . é on ~ P fs P 

* If we take a tube, whose length is to its width, as 100 
to 97, and look at any part of the heavens through a very 
small hole in one of its extremities, we shall scarcely be able 
to count more than 100 stars. . Now, it may be demonstrat- 
ed, that this tube takes in.exactly a tenth part. of the visible 
hemisphere ; ‘and therefore, it follows, that the eye cannot 
reckon more than 10 X 100, or ‘1000 stars ‘in one hemisphere. 
—EDp. 
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356. As we have incomparably more light from yap, 
the Moon than from all the stars together, it is *X- 
the greatest absurdity to imagine that the stars > 
were made for no other purpose than to cast a dity of sup. 
faint light upon the Earth : especially since many pi de 
more require the assistance of a good telescope made only 
to find them out, than are visible without that in-‘°°°""° *P- 

strument. Our Sun is surrounded by a system night. | 
of planets and comets ; all which would be invis- 
ible from the nearest fixed star. And from 
what we already know of the immense distance 
‘ of the stars, the nearest may be computed at 
32,000,000,000,000 of miles from us, which is 
further than a cannon bullet would fly in 
7,000,000 of years. Hence it is easy to prove, 
that the Sun, seen from such a distance, would 
appear no bigger than a star of the first magni- 
tude. From all this it is highly probable, that 
each star is a Sun to asystem of worlds moving 
round it, though unseen by us; especially, as the 
doctrine of a plurality of worlds is rational, and 
greatly manifests the power, wisdom, and good- 
ness of the great Creator. jag 
357. The stars, on account of their apparently Their dif. 
various magnitudes, have been distributed into oe 
several classes or orders. ‘Those which appear 
largest, are called stars of the first magnitude ; 
the next to them in lustre, stars of the second 
magnitude; and so on to the sixth, which are 
the smallest that are visible to the bare eye. This 
‘distribution having been made long before the 
‘invention of telescopes, the stars which cannot be 
seen without the assistance of these instruments, 
are distinguished by the name of telescopic stars. 
358. The ancients divided the starry sphere And divi- 


into particular constellations, or systems of stars, {onstclla- 
Ddg2 tions. 
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according as they lay near one another, so as to 
occupy those spaces which the figures of different 
sorts of animals or things would take up, if they 
were there delineated. And those stars which 
could not be brought into any particular constel- 
lation, were called unformed Stars. . 
359. This division of the stars into different 
constellations or asterisms, serves to distinguish 
them from one another, so that any particular 
star may be readily found in the heavens by 
means of a celestial globe; on which the con- 
stellations are so delineated, as to put the most 
remarkable stars into such parts of the figures as 
are most easily distinguished. ‘The number. of 
the ancient constellations is 48, and upon our 
present globes about ‘70. On Senex’s globes 
Bayer’s letters are inserted ; the first in the Greek 
alphabet being put to the biggest star in each 
constellation, the second to the next, and so on: 
by which means, every star is as easily found as 
if a name were given to it. Thus, if the star y 
in the constellation of the ram be mentioned, every 
astronomer knows as well what star is meant, as 
if it were pointed out to him in the heavens. 
360. There is also a division of the heavens 
into three parts. 1, The Zodiac (Cwd:anec) 
from Cay, zodion, an animal, because most 
of the constellations in it, which are twelve in . 
number, are the figures of animals : as Aries the 
ram, ‘Taurus the bull, Gemini the twins, Can- 
cer the crab, Leo the hon, Virgo the virgin, Li- 
bra the balance, Scorpio the scorpion, Sagittarius 
the archer, Capricornus the goat, Aquarius the 
water-bearer, and Pisces the fishes. ‘The zodiac 
goes quite round the heavens : it is about 16 de- 
grees broad, so that it takes in the orbits of all 


» 
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the planets, and likewise the orbit of the Moon * crap. 
Along the middle of this zone or belt, is the **: 
ecliptic, or circle which the Earth describes an- 
nually, as seen from the Sun; and which the 

Sun appears to describe, as seen from the Earth. 

2, All that region of the heavens, which is on the 

north side of the zodiac, contains 21 constella- 

tions. And, 3, That on the south side, 15. 

361. The ancients divided ihe zodiac into the The man- 

above 12 constellations or signs, in the following "S4,0° ¢¢ 
manner. ‘They took a vessel with a small hole by the an- 
in the bottom, and having filled it with water, ““"* 
they suffered the fluid to distil drop by drop into 
another vessel set beneath to receive it; begin- 
ning at the moment when some star rose, and 
continuing until it rose the next following night. 
‘The water fallen down into the receiver, they di- 
vided into twelve equal parts; and having two 
other small vessels in readiness, each of them fit 
to contain one part, they again poured all the 
water into the upper vessel, and observing the 
rising of some star in the zodiac, they at the 
same time suffered the water to drop into one of 
the small vessels ; and as soon as it was full, they 
shifted it, and set an empty one in its place. 
When each -vessel was full, they took notice 
what star of the zodiac rose; and though this 
could not be done im one night, yet in many, they 
observed the rising of twelve stars or points, by 
which they divided the zodiac into twelve parts. 

362. The names of the constellations, and the 
_ number of stars observed in each of them by dif- 
ferent astronomers, are as follow.— 


2 'The zodiac does not comprehend the orbit of: Patras, 
which is inclined about 35° to the ecliptic, nor the orbits of 
the satellites of the Georgium Sidus, which are supposed te 
move at right angles to the ecliptic.—Eb. 
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The ancient Constellations. 


Ptol. Tye. Hevel,Fians. Berl, cata! 


the Little Bear Wins 


7 12 

xX. Ursa major the Great Bear 35 29 73 
amen Draco the Dragon 31 32 40 
Cepheus Cepheus 13°42 51 
Hotes: Arctophylaz Plough Driver 23 18 52 
Corona Borealis the Northern Crown 8 8 8 
Hercules, Engonasin Hercules kneeling 29 28 45 
Lyra the Harp - 10 11 17 
Crane Gallina the Swan 19 18 47 
Cassiopeia the Lady in her Chair 13 26 37 
Perseus Perseus 29 29 46 
Auriga the Waggoner 14 9 40 
Serpentarius, Ophiuchus Serpentarius 29 15 40 
Serpens the Serpent 18 13 22 
* Sagitta the Arrow SIRS 
‘Aquila, Vultur the page} 15 12 23 
Antinous Antinous 3 19 
Delphinus the Dolphin 10 10 14 
Equulus, Equi sectio - the Horse’s Head 4 4 6 
Pegasus, Equus the Flymg Horse 20 19 28 
Andromeda Andromeda 23 23 47 
Triangula the 'T'riangles 4 412 
Aries the Ram 182 27 
‘Taurus the Bull 44 43 51 
Gemini the 'T'wins 25 25 38 
Cancer the Crab 23 15.29 
AuCOi a the Lion i 35 30 49 
Coma Berenices Berenice’s Hair 14 21 
Virgo the Virgin Nig B@sss50 
Libra, Chea the Scales 17 10 20 
Scorpio the Scorpion 24 10 20 
Sagittarius the Archer SS ay uty 
Capricornus the Goat 28 28 20 
A. quarius the Water-bearer 45 41 47 
Pisces the Fishes 38 36°39 
Cetus the Whale 22 31.45 
Orion Orion 38 42 62 
Eridanus, Fluvius Eridanus, the River 34 10 97 
Lepus the Hare 12 13 16 
Canis major the Great Dog 29 13 2) 
Canis minor the Little Dog Dg ONT 
Argo the Ship 45 3 4 
Flydra the Hydra 27,19 31 
Crater _ the Cup Fae es 


24 
87 


20 
105 


Corvws 
Centaurus 

\ Lupus 
Ara 
Corona Australis 
Pisces Australis 
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7 

the Centaur 37 
the Wolf 19 
-the Altar a 
the Southern Crown 13 

, the Southern Fish 18 


_ The new Southern Constellations. 


Columba Noachi 
Robur Carolinum 
Grus 

Pheenix 

Indus 

Pavo 

Apus, Avis Indica 
Apis, Musca 
Chameleon 
Triangulum Australe 
WPiscis volans, Passer 
Dorado, Xiphias 


‘Toucan 


Noah’s Dove 

the Royal Oak 

the Crane 

the Pheenix 

the Indian 

the Peacock 

the Bird of Paradise 
the Bee or Fly 

the Chameleon 

the South Triangle 
the Flying .Fish 
the Sword Fish 

the American goose 
the Water Snake 


Hydrus 


9 10 
35 
24 
giv 
12 
24°° 
Hevel. Caille. 
10 52 
12 
13 44 
13. 48 
12) .34 
14,36 
11 13 
4.18 
10 26 
5 13 
8 12 
6 lg 
9 33 
10 24 


The following Constellations have been made use HF by some 


Crux 

Mons Menalus 
Gallus 
Nubecula Major 
Nubecula Minor 


Reticulum Rhomboidum 


Cor Caroli 


Astronomers, 


the Cross 


c ail le a 


the Mountain Menalus 


the Cock 


the Greater Cloud 


the Lesser Cloud 


12 


1 
2 


the Rhomboidal Reticulum 15 
King Charles’s heart 
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Hevelius’s Constellations made out of the unformed Stars, 


Hevel. Flam.Ber}.catal ‘ 


SL Pen | the Lynx 19 


XX. Leo minor the Little Lion 53 59 
Asteron and Chara theGreyhounds . 23 25 30 
Cerberus 5 Cerberus — 4 


Vulpecula and Anser the Fox and Goose 27 35 36 
Scutum Sobieski Sobieski’s Shield ) abe: 3 


Lacerta the Lizard {8° 2.6 he 
Camelépardalus _ the Camelopard 88258 Fe 
Monoceros the Unicorn 19 3k 31 


Sextans the Sextant 11 41 44 


hie following new, Souther n Constellations have been intrOy 
duced by De la Caille. 


Caille. 
Apparatus Sculptoris the Sculptor’s Apparatus, 32 
Fornax Chymiz the Chymist’s Furnace 43 
Horologium the Clock 24 
Ceelum Sculptortum the Engraver’s 19 — 
Fquuleus Pictoris the Painter’s 22 
Pyxis Nautica the Mariner’s Compass 14 
Antlia Pneumatica the Air Pump 20 
Octans the Octant — 34. 
Circinus the Compass 10 
Norma _ the Rule 15 
Telescopium the Telescope 21 
Microscopium the Microscope 13 
Mons Mense | the Table Mountain 13 


The Milky 363. There is a remarkable track round the 
ak heavens, called the Galaxy, or Milky Way, from 
its peculiar whiteness. It was formerly thought to 
be eee to a vast number of very small stars 
therein: but the telescope shews it to be quite 


3 'The excellent telescopes of Dr. Herschel, indisputably 
shew, that the milky way is composed ¢ of an immense num- 
ber of telescopic stars.—Ep. 
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otherwise ; and therefore its whiteness must be CHAP. 
owing to some other cause. ‘This track appears, * : 
single in some parts, in others double. _ 

364. There are several little whitish spots in Lucidspots, 
the heavens, which appear magnified, and more 
luminous when seen through telescopes; yet 
without any stars in them. One of these is in 
Andromeda’s girdle, and was first observed a. D. 
1612, by Simon Marius: it has some whitish 
rays near its middle, is liable to several changes, 
and is sometimes invisible. Another is near the 
ecliptic, between the head and bow of Sagittari- 
us: it is small, but very luminous. A third is 
on the back of the Centaur, which is too far. 
south to be seen in Britain. A fourth, of a 
smaller size, is before Antinous’s right foot ; 
having a star in it, which makes it appear more 
bright. A fifth is in the constellation of Hercu- 
les, between the stars ¢ and », which spot, though 
but small, is visible to the bare eye if the sky be 
clear, and the Moon absent. 

365. Cloudy Stars, or Nelule, are so called sess iid 
from their misty appearance. They look like dim” 
stars to the naked eye ; but through a telescope, - 
they appear broad illuminated parts of the sky ; in 
some of which is one star,in others more. Five 
of these are mentioned by Ptolemy. 1. One at 
the extremity of the right hand of Perseus. 2. 

One in the middle of the Crab. 3. One unform- 
ed, near the sting of the Scorpion. 4. The eye 
of Sagittarius. 5. One in the head of Orion. 
In the first of these appear more stars through 
the telescope than in any of the rest, although 21 
have been counted in the head of Orion, and 
above 40 in that of the Crab. Two are visible 
in the eye of Sagittarius without a telescope, and 
several more with it. Flamsteed observed a 
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eHaP. cloudy star in the bow of Sagittarius, containing 
_*%*. many small stars: and the star d above Sagitta- 
| rius’s right shoulder is encompassed with several 
more. Both Cassini and Flamsteed discovered 
one between the Great and Little Dog, which is 
very full of stars, visible only by the telescope. 
The two whitish spots near the south pole, call- 
Magellanic €4 the Magellanic Clouds by sailors, which to 
clouds. — the + eye resemble part of the Milky Way, 
appear through telescopes to be a mixture of 
small clouds and stars. But the most remark. - 
able of all the cloudy stars, is that in the middle 
of Orion’s Sword, where seven stars (of which 
three are very close together) seem to shine 
through a cloud, very lucid near the middle,*but 
faint and ill defined about the edges. It looks 
like a gap in the sky, through which one may 
see, as it were, part of a much brighter region. 
Although most of these spaces are but a few mi- 
nutes of a degree in breadth, yet, since they are 
among the fixed stars, they must be spaces larger 
than what is occupied by our solar system ; and 
in which there seems to be a perpetual uninter- 
% rupted day among numberless worlds, which no 
human art ever can discover. * 

Ghangesin 366. Several stars are mentioned by ancient 
ane hea- astronomers, which are not now to be found 5 
and others are now visible to the bare eye which ~ 
are not recorded in the ancient catalogue. Hip- 
parchus observed a new star about 120 years be- 
fore Christ; but he has not mentioned in what 
part of the heavens it was seen, although it occa- 
sioned his making a catalogue of the stars; which 

is the most ancient that we have. } 


_ 4 A farther account of nebule, and double stars, with 
érawings of some of the most important, will be found in the 
supplementary chapter on the Fixed stars, &c. vol. i—-Ep, 


e 
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The first new star that we have any good ac- CHAP. 
count of, was discovered by Cornelius Gemma, he 
on the 8" of November a. D. 1572, in the chair new stara 
of Cassiopeia. It surpassed Sirius in brightness 
and magnitude; and was seen for 16 months 
successively. At first it appeared bigger than 
Jupiter, to some eyes, by which it was seen at 
mid-day : afterwards it decayed gradually both in 
magnitude and lustre, until March 1573, when 
it became invisible. 

On the 13" of August, 1596, David Fabri- 
cius observed the Stella Mira, or wonderful star, 
in the neck of the whale; which has been since 
found to appear and disappear periodically, seven 
times in six years, continuing in the greatest lus- 
tre for 15 days together; and is never quite ex- 
tinguished. 

In the year 1600, William Jansenius discover- 
ed a changeable star in the neck of the Swan ; 
which, in time, became so small as to be thought 
to disappear entirely, till the years 1657, 1658, 
and 1059, when it recovered its former lustre 
and magnitude ; but soon decayed, and is now of 
the smallest size. 

In the year 1604, Kepler-and several of his 
friends saw a new star near the heel of the right 
foot of Serpentarius, so bright and sparkling, 
that it exceeded any thing they had ever seen be- 
fore ; and took notice that it was every moment 
changing into some of the colours of the rain- 
bow, except when it was. near the horizon, at 
which time it was generally white. It surpassed 
Jupiter in magnitude, which was near it all the 
month of October, but easily distinguished from 
Jupiter, by the steady light of that planet. It disap- 
peared between October 1605 and the Februar 
following, and has not been seen since that time, 
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cue’. Inthe year 1670, July 15, Hevelius discover... 
———» ed a new star, which in October was so decayed, 


Cannot be 
comets. 


as to be scarce perceptible. In April following, 


it regained its lustre, but wholly disappeared in, 


August. In March 1672, it was seen again, but 
very small; and has not been visible since. 

In the year 1686, a new star was discovered 
by Kirch, which returns’ periodically in 404 
days. 

In the year 1672, Cassini saw a star in the 
neck of the Bull, which he thought was not vi- 


sible in Tycho’s time ; nor when Bayer made his 


figures. 

367. Many stars, besides those above mention- 
ed, have been observed to change their magni- 
tudes: and as none of them could ever be per- 
ceived to have tails, it 1s plain they could not be 
comets ; especially as they had no parallax, even 
when largest and brightest. It would seem that 
the periodical stars have vast clusters of dark 
spots, and very slow rotations on their axes; by 
which means, they must disappear when the side 
covered with spots is turned towards us. And as 
for those which break out all of a sudden with 
such lustre, it is by no means improbable that 
they are suns whose fuel is almost spent, and 
again supplied by some of their comets falling 
upon them, and occasioning an uncommon blaze 
and splendour for some time: which indeed ap- 
pears to be the greatest use of the cometary part 
of any system.‘ | 


5 M. Maupertuis, in his dissertation on the figures of the 
celestial bodies (p. 61-63), is of opinion, that some stars, by 
their prodigious quick rotations on their axes, may not only 
assume the figures of oblate spheriods, but that by the great 


centrifugal force, arising from such rotations, they may be- 
come 


% 
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Some of the stars, particularly Arcturus, have oyap, 
been observed to change their places above a mi- XX. _ 
nute of a degree with respect to others. But ~~ 
whether this be owing to any real motion in the change 
stars themselves, must require the observations ‘oH Pic™ 
of many ages to determine. If our solar system 
changes fits place, with regard to absolute 
space, this must, in process of time, occasion an 
apparent change in the distances of the stars from 
each other: andin such a case, the places of the 
nearest stars to us being more affected than those 
which are very remote, their relative positions 
must seem to alter, though the stars themselves 
were really immoveable.° On the other hand, if 
our own system be at rest, and any of the stars in 
real motion, this must vary their positions; and 
the more so, the nearer they are to us, or swifter 
their motions are; or the more proper the di- 
rection of their motion is, for our perception. 

368. The obliquity of the ecliptic to the equi- Thesslptic 
noctial is found at present to be above the third 3,0" 

, equator 
than form- 
erly. 


eome of the figures of mill-stones ; or be reduced to flat cir- 
cular planes, so thin as to be quite invisible when their edges 
are turned towards us; as Saturn’s ring is in such positions. 
‘But when any eccentric planets or comets go round any flat 
star, in orbits much inclined to its equator, the attraction of 
the planets or comets in their perihelions, must alter the in- 
clination of the axis of that star; on which account, it will 
appear more or less large and luminous, as its broad side is 
_more or less turned towards us. And thus he imagines we — 
may account for the apparent changes of magnitude and lus- 
tre in those stars, and likewise for their appearing and disap- 
pearing. 

® 'This change in the relative positions of the fixed stars, 
has been detected by Dr. Herschel, who has ingeniously at- 
tempted to deduce, from the nature of these changes, the ve- 
loeity of our system, and the direction in which it moves. 
=i the supplementary chapter on the Fixed stars, vol. ii.— 

D. 
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"CHAP. part of a degree less than Ptolemy found it. And 


most of the observers after him, found it to de. 
crease gradually down to Tycho’s time. If it be 
objected, that we cannot depend on the observa- 
tions of the ancients, because of the incorrectness 
of their instruments; we have to answer, that 
both Tycho and Flamstead are allowed to have 


been very good observers ; and yet we find that 


Flamstead makes this obliquity 22 minutes of a 
degree less than Tycho did, about 100 years be- 
fore him: and as Ptolemy was 1324 years be- 
fore Tycho, so the gradual decrease answers near- 
ly to the difference of time between these three 
astronomers. If we consider, that the Earth is 
not a perfect sphere, but an oblate spheroid, hav- 
ing its axis shorter than its equatoreal diameter ; 


and that the Sun and Moon are constantly act. 


ing obliquely upon the greater quantity of mat- 
ter about the equator, pulling it, as it were, to- 
wards a nearer and nearer coincidence with the 
ecliptic ; it will not appear improbable, that these 
actions should gradually diminish the angle be- 
tween those planes. Nor is it less probable that 
the mutual attraction’ of all the planets should 
have a tendency to bring their orbits to a co- 
incidence: but this chanue is too small to be- 
come sensible in many ages.’ 


” See the Supplementary chapter on the PphaeKy of the 
Ecliptic, vol. it 
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GF THE DIVISION OF TIME. A PERPETUAL TABLE 

~-OF NEW MOONS. THE TIMES OF THE BIRTH AND 
DEATH OF CHRIST. A TABLE OF REMARKABLE 
ERAS OR EVENTS. 


/ 


369. ENE parts of time are Seconds, Minutes, crap. 
Hours, Days, Years, Cycles, Ages, and Periods. **!- 
370. ‘The original standard, or integral mea- 4 yeir. 
sure of time, is a year ; which 4 is determined by 
the revolution of some celestial body in its orbit, 
viz. the Sun or Moon. 
$71. The time measured by the Sun’s revo- (iter 
lution in the ecliptic, from any equinox or sol-* 
stice, to the same again, is called the Solar or 
Tropical Year, which contains 365 days 5 hours 
48 minutes 57 seconds; and is the only proper 
or natural year, because it always keeps the'same 
seasons to the same months. | 
372. The quantity of time measured by the Sydereal * 
Sun’s revolution, as from any fixed star to the 
same star again, is called the Sydereal Year ; 
which contains 365 days 6 hours 9 minutes 
14; seconds; and is 20 minutes 174 seconds 
longer than the true solar year. = 
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Lunar year. 


Civil year. 
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373. The time measured by twelve revolutions 
of the Moon, from the Sun to the Sun again, is 
called the Lunar Year ; it contains 354 days, 8 
hours, 48 minutes, 36 seconds ; and is therefore 
10 days, 21 hours, O minutes, 21 seconds, short- 
er than the solar year. This is the foundation 
of the epact. | 

374. The Civil Year is that which is in com- 
mon use among the different nations of the 
world ; of which, some reckon by the lunar, but 
most by the solar. ‘Lhe civil solar year contains 
365 days, for three years running, which are 


- called Common Years; and then comes in what 


- dumar year. 


is called the Bissextile or Leap-year, which con- 
tains 366 days. ‘This is also called the Julian 
Year, on account of Julius Cesar, who appoint- 
ed the intercalary day every fourth year, think-- 
ing thereby to make the civil and solar year keep 


pace together. And this day, bemg addedtothe 


234 of February, which in the Roman calendar _ 
was the sixth of the calends of March, that sixth 
day was twice reckoned, or the 23% and 24" were 
reckoned as one day ; and was called Bis sextus 
dies, and thence came the name Bissextile for 
that year. But in ovr common almanacks, this 
day is added at the end of February. 

378. The Civil Lunar Year is also common or 
intercalary. The common year consists of 12 
lunations, which contain 354 days; at the end 
of which, the year begins again. ‘The Intercala- 
ry, or Embolimic year, is that wherein a month 
was Added, to adjust the lunar year to the solar. 
This method was used by the Jews, who kept | 
their account by the lunar motions. But by in- 
tercalating no more than a month of 30 days, 


which they called Ve-Adar, every third year they 


fell. $3 days short of the solar year in that time. 
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376. The Romans also used the lunar embo- CHAP.” 
limic year at first, as it was settled by Romulus aa 
their first king, who made it to consist only of Roman 
ten months or lunations; which fell 61 days’°*™ 
short of the solar year, and so their year became 
quite vague and unfixed; for which reason they 
were forced to have a table published by the 
high-priest, to inform them when the spring and 
other seasons began. But Julius Czesar, as al- 
ready mentioned, § 374, taking this troublesome _ 
affair into consideration, reformed the calendar, 
by making the year to consist of 365 days, 6 
hours. 

377. The year thus settled, is what was used, The origi- 
in Britain till a. p. 1752: but as it is somewhat Gregorian, 
more than 11 minutes longer than the solar tro-oreew sti. 
pical year, the times of the equinoxes go back- 
ward, and fall earlier by one day in about 130 
years. In the time of the Nicene Council (a. p. 

325), which was 1439 years ago, the vernal equi- 
nox fell on the 21°* of March: and if we divide 
1444 by 130, it will quote 11, whichis the num- 
ber of days the equinox has fallen back since the 
council of Nice. This causing great disturbances, 
by unfixing the times of the celebration of East-_ 
er, and consequently of all the other moveable 
feasts, pope Gregory the XIII, in the year 1582, 
ordered ten days to be at once struck out of that 
year ; and the next, day after the 4‘ of October, 
was called the 15". By this means the vernal 
equinox was restored to the 21°* of March; and 
it was endeavoured, by the omission of three in- 
tercalary days in 400 years, to make the civil or 
political year keep pace with the solar for the time 
to come. This new form of the year is called the 
Gregorian account, or New Stile. which is re- 
ceived in all countries where the pope’s authori- 
Vol. . LHe - 
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ty is acknowledged, and ought to be received im 
all places where truth is regarded. _ 

878. The principal division of the year is into 
months, which are of two sorts, namely, Astro-. 
nomical and Civil. The astronomical month is 
the time in which the Moon runs through the 
zodiac, and.is either periodical or synodical. ‘The 
periodical month is the time spent by the Moon 
in making one complete revolution from any 
point of the zodiac to the same again ; which is 
27° 7" 43"... The synodical month, called a Iu- 
nation, is the time contained between the Moon’s 
parting with the Sun at:a conjunction, and re- 
turning to him again; which is 29° 12" 44", 
The civil months.are those which are framed for 
the uses of civil life; and are different as to their 
names, number of days, and times of beginning, 
in several different countries. The first month 
of the Jewish year fell, according to the Moon, in 
our August and September, old style ; the second 
in September and October; and so on. ‘The first 
month of the Fgyptian year began on the 29™ 
of our August. ‘The first month of the Arabic 
and ‘Turkish year began the 16" of July. -The 
first month of the Grecian year fell, according to 
the Moon, in June and July, the second in July 


and August, and so on, as in the following table. 


379. A month is divided into four parts called 
weeks, and a week into seven parts called days ; 
so that in a Julian year there are 13 such 
months, or 52 weeks, and one day over. ‘The 
Gentiles gave the names of the Sun, Moon, and 
Planets, to the days of the week. ‘To the first, 
the name of the Sun; to the second, of the 
Moon ; to the third, of Mars; to the fourth, of 
Mercury ; to the fifth, of Jupiter ; to the sixth, 
of Venus ; and to the seventh, of Saturn, _ 
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No. The Jewish year. Days. aril 
yrs. F at ae XXI. 
sree meter os AE Ben ae te Aug.—Sept. | 30 |, 
2 i Saarchesyair: < ; < psp.6aa tn ohi48 Sept.—Oct. | 29 
Boy paso mt 1S ono 4 tae Teel lel Oct. —Nov. | 30 
Maer ebetln ee ened, Fee ee VF e358 Nov.—Dec. | 20 
Bi parnebat hers kiss bedi mates et Dec.—Jan 30 
Be A daircuei y's nee che Fale os Jan. —Feb. | 29 
7 | ‘Nisan Or urbib; > fcs0k 2 ae ere Feb. —Mar. | 30 
8. Siar se: CREE petro Mar.—Apr. | 29 
D aera ee eae ks Apr.—May | 30 
TOu ebamug Ay eee sie Hae » May—June | 29 
OR ee ea 1 Se a eee June—July | 30 
BS ASF otras otararaoA hs sate hatet ans July —Aug. | 29 
Daysda the years vse tadverkuevves sslues cree 354 


In the Embolimic year after Adar, they added a month 
called Ve-Adar, of 30 days. 


No Days. 
DAMEN e 5 hettth ais pois so San aw did eye 
2 Lianyi ya. Wena cares omepeemn ber 26 1430 
3 eas diy Bk wid sok eh ea October 28 | 30 
ST AMO PAC 3 chi Rein bs fs asete de wie © ', November 27 | 30 
BE APM ad Pie dnl oad x sasie nie ab December 27 | 30 
Rat) SOVECIEL ae 4 +, ssontderer cs sess oes January 20 | 30 
Ru eamenotin ©. po) CkA A Es February 25 | 30 
Siam hice ee a, ak March 27 | 30 
RMR 57 SR IN et eRe ae ele April 26 | 30 
SOP eS. WRT I as May 26 ; 30 
pe 2 ee June . 25 | 30 
det] WAGBDEU Mee ON 251 aad un July, 25 | 30 


Ce a er ry 


_ Epagomenz, or days added 


NP A JERSE CHE) VPRT ie dain chai Ne hah hem ade Gn 


Ee? 


436 Of the Division of Time. 


I | Muharram July 
Pl Sambar, death's coal areas August 15 | 29 
Biv Peatta Lemniee es) haa, > fe shole © September 13 | 30° 
41) Rabaes] Betis oe a deat October 13 | 29 
5 Sousda Leino rood sas Gee, November 11 | 30 
G':\ Towra Eats fo Shy deve ene December 11 | 29 
7) Rajah. i) ARES MED ePIN Aa January 9/30 
8 | SARNIA vie Belt o\aia ps, tole, oppo February 8 | 29 
sing | tea Es OD eee Ne March 9 | 30 
SS aD ae tO ey cake ga ere April 8 | 290 
dat Wigthgadah Jo's yy bart eae May 7 | 30 
MeN Edun coordi ss! diel olen td oeelivs June 5 | 29 
Daven the years. sissies 0 eer Sa REE 354 


The Arabians add 11 days at the end of every year, which 


keeps the same months to the same seasons. 


Z 
° 


The ancient Grecian year. Days. 


1 bitecatombeons., Ov oside, Gee June —July | 30 
2 PUMet aera Ld oltre sara eet ae July —Aug. | 29 
3" BOCGroRMOM TG vis Sake eae Aug.—Sept. | 30 
ANY Bivanepai ys: oO.)6s es sia aed Sept.—Oct. | 29 
* Sk latmpeteriOn, 2). sj05 be ees 30 Oct. —Nov. | 30 
6 J iBosidenis vad. e. Sdn edie a. Nov.—Dec. | 29 
| MR ar Re Loan, Sul Bisel ri el Dec.—Jan. 30 
6°) "Anthesterton. ..4 644i Jan. —Feb. | 29 
9 | \EAaphebolion .. .\.0.es ee o's Feb. —Mar. 30. 
Municheoniy:. un 3 Whew lets ¢ . Mar.—Apr. | 29 
Rhargelonily os sees oes .-..-Apr.—May | 30 
Schirrophorton .-.)...:6,4.00 04% . May —June | 29 


Days.in the year 2,6 sew diab eR ee PEN 354 
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380. A day is either natural or artificial. The CHAP. 

natural day contains 24 hours; the artificial, the **" 
time from sun-rise to sun-set. The ‘natural day Days, 
is either astronomical or civil. The astronomical 
day begins at noon, because the increase and de- 
crease of days terminated by the horizon are 
very unequal among themselves ; which inequali- 
ty is likewise augmented by the inconstancy of 
the horizontal refractions, § 183; and therefore 
the astronomer takes the meridian for the limit 
of diurnal revolutions ; reckoning noon, that is, 
the instant when the Sun’s centre is on the meri- 
dian, for the beginning of the day. The British, 
French, Dutch, Germans, Spaniards, Portuguese, 
and Egyptians, begin the civil day at midnight : 
“the ancient Greeks, Jews, Bohemians, Silesians, 
with the modern Italians,.and Chinese, begin it 
at sun-setting: and the ancient Babylonians, 
Persians, Syrians, with the modern Greeks, at 
sun-rising. 

$81. An hour is a certain determinate part of Hours. 
the day, and is either equal or unequal. An 
equal hour is the 24" part of a mean natural day, 
as shewn by well regulated clocks and watches ; 
but these hours are not quite equal, as measured 
by the returns of the Sun to the meridian, be- 
eause of the obliquity of the ecliptic, and the 
Sun’s unequal motion in his orbit, § 224—245. 
Unequal hours are those by which the artificial 
day is divided into twelve parts, and the night 
Into as many. 

$82. An hour is divided into 60 equal parts Minutes, 
called minutes, a minute into 60 equal parts call- #71", 
ed_seconds, and these again into 60 equal partsscruple. 
called thirds. The Jews, Chaldeans, and Arabi- _ 
ans, divide the hour into 1080 equal parts called 

Ee3 
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CHAP. scruples; which number contains 18 times 60, 
**t_,so that one minute contains 18 scruples. 

Cyclesof — 888. A cycle is a perpetual round, or circula- 

Tout gtion, of the same parts of time of any sort. The 

indi@tion. cycle of the Sun is a revolution of 28 years, in 

which time the days of the months return again 

to the same days of the week; the Sun’s place 

to the same signs and degrees of.the ecliptic on | 

the same months and days, so as not to differ one 

degree in 100 years; and the leap-years begin 

the same course over again with respect to the 

days of the week on which the days of the months 

fall. The cycle of the Moon, commonly called 

the golden number, is a revolution of 19 years, 

in which time, the conjunctions, oppositions, and 

other aspects of the Moon, are within an hour 

and a half of being the same as they were on the 

same days of the months 19 years before. -The 

indiction is a revolution of 15 years, used only 

by the Romans for indicating the times of cer- 

tain payments made by the subjects to the repub- 

lic : it was established by Constantine, a. p. 312. 

To findthe $84. The year of our Saviour’s birth, accord- 

raps oe ing to the vulgar era, was the 9" year of the 

cles. solar cycle; the first year of the lunar cycle ; 

and the 3:2" year after his birth was the first. 

year of the Roman indiction. Therefore, to 

find the year of the solar cycle, add 9 to any 

given year of Christ, and divide the sum by 28, 

the quotient is the number of cycles elapsed since 

his birth, and the remainder is the cycle for the 

given year: if nothing remains, the cycle is 28. 

To find the lunar cycle, add 1 to the given year 

of Christ, and divide the sum by 19; the quo- 

tient is the number of cycles elapsed in the inter- 

yal, and the remainder is the cycle for the given 

year: if nothing remains, the cycle is 19, Last- 
; 
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iy, subfract $12'from the given year of Christ, cia. 
and divide the remainder by 15; and what re-, **! 
mains after this division, is the indiction for the 
given year: if nothing remains, the indiction is 
15. : | 

385. Although the above deficiency in the lu- The defi- 
nar cycle’ of an hour and half every 19 years, be G<rey of 
but small, yet in time it becomes so sensible as to cycle, and 
make a whole natural day in 310 years. So that, O2r:. 
although this cycle be of use, when the golden thereof. 
numbers are rightly placed against the days of 
the months in the calendar, as in our common 
prayer books, for finding the days of the mean 
conjunctions or oppositions of the Sun and Moon, 
and consequently the time of Easter ; it will on- 
ly serve for 310 years, old style. For, as the 
new and full moons anticipate a day in that time, 
the golden numbers ought to be placed one day 
earlier in the calendar for the next 310 years to 
come. ‘These numbers were rightly placed against 
the days of new moon in the calendar, by the 
council of Nice, a. p. 325; but the anticipation, 
which has been neglected ever since, is now \ 
grown almost into 5 days ; and therefore all the 
golden numbers ought now to be placed 5 days 
higher in the calendar for the old stile than they 
were at the time of the said council; or six days 
lower for the new style, because at present it dif- 
fers 11 days from the old. 

386. In the annexed table, the golden num- Howtofing 
_ bers under the months stand against the days of ‘pe @y of 
new moon in the left hand column, for the new moon by 
stile; adapted chiefly to the second year after ‘he sold" 
leap-year, as being the nearest mean for all the 
four ; and will serve till the year 1900. ‘There- 
fore, to find the day of new moon in any month 
@f a given year till that time, look for the golden 


2/10/10/18] 7 15 
18| 7 15} 4] 41 
10/18 15 112] 
WE 7) Filo) 4 4yi2Z 
15 12772 


(BEEN A TRNES eS Se SS See OU ES Ae AB eee LS 


7\15 44,12 


[in cers SS es A peat RRS SEE CSN NSS SR SS SERS 
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number of that year under the desired month, CHAP. 
and against it, you have the day of new moon in, ® 
the lel hand column. TAGE stoic it. were | 
required to find the day of new moon in Sep- 
tember 1'757; the golden number for that year 
is 10, which I look for under September, and 
right against it in the left hand column I find 13, 
which is the day of new moon in that month, 

N, B. If all the golden numbers, except 17 
and 6, were set one day lower in the table, it 
would serve from the beginning of the year 1900 
till the end of the year 2199. ‘The first table 
after this chapter shews the golden number for 
4000 years after the birth of “Christ ; ; by looking 
for the even hundreds of any given year at the 
left hand, and for the rest to make up that year 
at the head of the table; and where the co- 
lumns meet, you have the golden number 
(which is the same both in old and new stile) for 
the given’year. ‘Thus, suppose the golden num- 
ber was wanted for the year 1757; I look for 
1700 at the left hand of the table, and for 57 at, 
the top of it; then guiding my eye downward 
from 57 to over against 1700, I find 10, which 
is the golden number for that year. 

387. But because the lunar cycle of 19 years Ih ncavetal 
sometimes includes five leap-years, and at other ‘20% 0 the 
times only four, this table will sometimes vary a moonto the 
day from the truth in leap years after February. po0y, for 
And it is impossible to have one more correct, the oldstile, 
unless we extend it to four times 19 or 76 years ; 
in which there are 19 leap-years without a re- 
mainder. But even then to have it of perpetual 
use, it must be adapted to the old stile; because 
in every centurial year not divisible by 4, the re- 
gular course of leap-years is interrupted in the 
Tew; as will be the case in the year 1800, 
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cuaP. Therefore, upon the regular old stile plan, I have 
XXI. 
i , computed the following table of the mean times 
of all the new moons to the nearest hour for 76 
years; beginning with the year of Christ 1724, 
and ending with the year 1800. 
This table may be made perpetual, by deduct- 
ing 6 hours from the time of new moon in any 
given year and month from 1724 to 1800, in 
order to have the mean time of new moon in 
any year and month 76 years afterward; or de- 
ducting 12 hours for 152 years, 18 hours for 
228 years; and 24 hours for 304 years: be- 
cause in that time the changes of the Moon anti- 
cipate almost a complete natural day. And if 
the like number of hours be added for so many 
years past, we shall have the mean time of any 
new moon already elapsed. Suppose, for ex- 
ample, the mean time of change was required for 
January 1802, deduct 76 years, and there re- 
mains 1726, against which, in the following ta- 
ble, under January, I find the time of new moon 
was on the 21" day, at 11 in the evening: from 
which take 6 hours, and there remains the 21* 
day, at 5 in the evening, for the mean time of 
change in January 1802. Or, if the time be re- 
quired for May, a. D. 1701, add 76 years, and 
it makes 1777, which I look for in the table, and 
against it under May, I find the new moon in 
that year falls on the 25" day, at 9 in the evens. 
ing ; to which add 6 hours, and it gives the 26" 
day, at 3in the morning, for the time of new 
moon in May, a.p. 1701. By this addition — 
for time past, or subtraction for time to come, the 
table will not vary 24 hours from the truth in 
less than 14,592 years. And if, instead of 6 
hours for every 76 years, we add or subtract one 


- 
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ly 5 hours 52 minutes, it will not vary a day in crap 
10 millions of years. XXI. 

Although this table is calculated for 76 years." 
only, and according to the old stile, yet by means 
of two easy equations, it may be made to answer 
as exactly to the new stile, for any time to come. 
Thus, because the year 1724 in this table is the 
first year of the cycle for which it is made; if, _ 
from any year of Christ after 1800, you subtract — 
1723, and divide the overplus by 76, the quo- 
tient will shew how many entire cycles of 76 
years are elapsed since the beginning of the cycle 
here provided for ; and the remainder will shew 
the year of the current cycle answering to the 
given year of Christ. Hence, if the remainder 
be O, you must, instead thereof, put 76, and 
lessen the quotient by unity. | 

Then, look in the left hand column of the ta- 
ble for the number in your remainder, and 
against it you will find the times of all the mean 
new moons in that year of the present cycle. 
And whereas, in 76 Julian years, the Moon an- 
ticipates 5 hours 52 minutes, if therefore these 5 
hours 52 minutes be multiplied by the above 
found quotient ; that is, by the number of entire 
cycles past; the product subtracted frem the 
times in the table will leave the corrected times 
of the new moons to the old stile; which may 
be reduced to the new stile thus.— 

Divide the number of entire hundreds in the 
given year of Christ by 4, multiply this quotient 
by. 3, to the product add the remainder, and 
* from their sum subtract 2; this last remainder 
denotes the number of days to be added to the 
times above corrected, in order to reduce them 
to the new stile. ‘The reason of this is, that every 
400 years of the new stile gains 3 days upon 
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cuap, the old stile: one of which it gains in each of 

XI. the centurial years succeeding that which is ex. 
actly divisible by 4 without a remainder; but 
then, when you. have found the days so gained, 
2, must be subtracted from their number, on ac- 
count of ‘the rectifications made in the calendar 
by the council of Nice, and since by Pope Gre- 
gory. It must also be observed, that the addi- 
tional days found as above directed, do not take 
place in the centurial years which are not multi- 
ples of 4 till February 29", old stile, for on that. 
day begins, the difference between the stiles ; till 
which day, therefore, those that were added in 
the preceding years must be used. The following 
example will make this accommodation plain. 


Required the mean time of New Moon in June, 
Aa De 1OOOS wes: 
From 1909 take 1723 years, 
and there remains ...-.- - 186 
Which divided by 76, gives 
the quotient 2, and the re- 


TALORET hues ee 3h 
Then, against 34 in the Table | 
1 OURO oe ee ee tir Oa eae 
And 55 52™ multiplied by 2, 
make to be subtracted... 11 44 


Remains the mean time, ac- 
cording totheold stile, June 54 9 16” 
Entire hundreds in 1909 are 
19, which divide by 4, 
GUC TES oe Ne hp ake bore aaa A 
‘And leaves a remainder of 3 
_ Which quotient multiplied by 
3, makes 12, and the re- 


mainder added, makes... - 15 
From. which subtract 2, and 
there remains, ....--..-.-.- _ 13 


‘Which number of days add- 
ed to the above time, old ? | . 
stile, gives June ...-. an» 1879" 16" morn. N. s. 
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So the mean time of new moon in June 1909, CHAP. 

new stile, is the 18" day, at 16 minutes past 9 in aoe 
i ams sae: f 

the morning. 

If 11 days be added to the time of any new 
moon in this table, it will give the time thereof, 
according to the new stile, till the year 1800. 
And, if 14 days 18 hours 22 minutes, be added 
to the mean time of new moon in either stile, it 
will give the mean time of the next full moon, 
according to that stile. 
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A Table, shewing the times of all the mean changes of the Moon, 
to the nearest hour, through four Lunar periods, or 76 years. 
M signifies morning, & afternoon. 


NRE TTT OCCUPA re id) Se ARMee | 
Fn January February March 
ge ip A. D. ——— 

por D. H.| De - H. | D. 

ES 5 ana poner 
111724) 14.) 5.4113... 5M L138 6.4 
2.| 1725 | 3 2m; tl 2at 3 3M 
3 | 1726 }21 113°a}/20. Tl Mj]21 124 
411727\11 8m! 9 .galll 9m 
5| 1728/30 6m;28 7 A/l29 7M 
611729 }18 24);17 38Mj18 4,4 
PASO Nee TE AO Oa Lee 
811731 |26 9 ai25 10M/26 104 
9| 1732/16 5M,)14 Gaj15 7M 

1011733 | 4 2a] 3 3mMm| 4 44 
11 | 1734 |23 0 4/22 ImMj23 14 
12 | 1735 |12 9) A, il Om{12 104 
13 | 1736 2 5 M} 1 7M 


1411737 |20 3mM\18 44/20 4m 
15|1738| 9 11M| 7 12a} Qg 1a 


16 | 1739 |}28 QM|26 10A/23 1M 
1711740117 Gaj16 7mMj16 8a 


181174116 3m\|4 4a| 6 4m 


19 | 1742 |24 124/23 14|25 2m 
20|1743 114 QgM|i2 104114 11M 


2111744).3 Gajls2. 7M] 2- 8a 
92| 1745/21 4a|20 5M|21 5a 
293 |1746|10 12 a| 9 laAd11l 2m} 9 


94. 1747 |29 10 aj2S 11™m/29 11 aj28 
25 Wea i 6ml|17 7-al18 8mjl16 


BOA ARO Ae Br AOA Me a 08 ALG 
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A Table of the mean New Moons, &c. 


June 


July | August 
H. | D. i | D. H. 


8m} 9 9 a| 8 10m 


1724 


i 
211725 G6m|28 74127 8m 
3.| 1726 2al18 3mi16 4a 
4} 1727 124} 7 Oa} O IM 
§ | 1728 904/25 10mM);23 114A 
6; 1729 Om|14 97a'12 7M 
aia Sha a Siw) 2? ak 
8 {| 1731 O Aj 23 ImMm'i2l 2A 
9 | 1732 QO aAj11 10m, Il A 
1 6m 
10 | 1733 7 A 30 8mM,28 8A 
11 1734 3mMi|1g 4 Alig 5 
12 1735 O81 O vol Mi Poh 
13° 1736 10m|/26 114/25 OA 
14/1737118 5mj16 60.a4/16 7 M114 SA 
15.)'1738.1 7 “2apG,. Bars ae os 5M 


(1739 |26 Oa|25 IMi/24 24/23 3m 
17|1740}14 Qaj13 10mMj12 114/11 (OA 
jo iyariled Si gem PS Oiad /*|30 SM 


1742123 3mM|21 4a/21° 5mMj19 OA 
1743 |12 Oaill 1IMm;10 2a; QO SM 


1744/30 10mM|28 114/28 Oa/26 124 
1745/19 641/18 7M {17 8 al16 8M 
on QO SM Beal 7 Sul 5.- Ga 


97° Vowel ee AOR LO? OO we Bd Bk 
14 10 4/14 lIlMmMsj12 124 
2 Om 
31 QA 


1747 
1748 !16 Om 


hes OA 


1749 A. -9M\33 >. Bia 


CHAP. 


AAS 
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A Table of the mean New Moons, &c. 


Soe een October 
A. D 

D. He D. Re D. 
1724) 6 10 4| 6 ll 
1725 125 84125 Om|23 
1726 |15 5m|14,. 5 a}13 
PT Ae Rieck + i merce 
1728 |}22 11 M{21 12 4/20 
1729111 SB AlII Om 9 

2 8M Py 
1720 Fang 130 Ae 
1/31 |}20 2™Mi19 3-Al18 
17327 8. EMTS 19 6 
1733 127° gml26 10 4/25 
1734116 5 al16 6m/14 
17S OC 2 3 al A. 
1736 3 1D wis. yk ee 
pitt tee SM |I2. | O ANE 

2 6m 

spell BoA ay 7 420 

| 2 

| 

| 


4. : 


HK D. H.: 
124/411 a 
10. 4/23° 11™ 
6m! 12 7k 
3 2 4mM 
Male 5A 
1a}20 2M 
10 aj} 9 ll™ 
8 al28' OM 
4AmM!17 SA 
on 6° 2™M 
l1m,24 11 A} 
y al14 8M 
aa ce aaa wae 
2mMm\2l1 34 
10m/10 11 A 
8m 29 8A 


November | December. 
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A Table of the mean New Moons continued. 


April |. CHAP, 
XXL 


"1750,126 1 al/25 . 2M{26 » 3 alas, 
1751 |15 10 af14 1lM/15 41 4/14 


1752|}5. Gm) 3.7 al 4° Sm 2 


1753-123. 4m 21. 5Aa123 Om|22 
1754.)12 Lallh, 2Mj12 3 ait 


1755; So 29 rl 
1756 }20. -7 al19 +;8m)19 9 al18>- 
17570} 9 . 4mMl172 5a] Qe Om | Aan 7 


1753 28, 2m|26 3108. 3/26: 
1750-417 10 m]15 0.11 al17 » Oat 16 


1760} 6° 7a| 5;:8m}5 > Qal 4 


1761,}24 5 A] 23 9/6 mj24 7 a|23 
1762 114. 2mi/12. 3 asi4. 3mj12 


1763. | 3.11 M| 1.1241 8, oa] 2 
1764,|22 8m|20-9 a}21 ;10 4] 19 
1765.|10. 5a| 9. Gmi10~ Gal g 
1766 |29. 2a|28° 3™m\29- 4 4/28 
1767 }18 311 aAi17 . Oal1g«. Im117 
1768; 8 8m| 6° -Qa} 7 10M] 5 
1769 |26 Gm|24. 7 4/26 7M 24, 
1770 }15  2ajld) BmMj1l5 4a) 14 
1771 | 4 11m| 3. Oal 5. 1m] 3 


1772 |23 QO a/22,10m/22 10.4)21 

1773 |12 5M/10. 6 a4|12. 7 m/10 
1 2A 1 4a 

1774 bay 3 ml 

1775 |20. Oa 


176| 9 9a 


19 1mMj20. 2a/19 
10mM| 8°10 a| 7 


Hea ne 
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A Fable of the mean New Moons continued. - 


SS | SES SE | AT a ES, 


A Table of the mndba ‘New Moons Coie 


Of the Division of Time. 


September 


19 
8 


H. 


October | November 


eR! ete ne | 


17 


: 


4.51 

December, 

Bt is, He 

Q aj17. 10m 
5M} 6 64 
3M | 24" 43° A 
Oalil4 lm 
gai 3 10m 
64;22 Gm 
3M\)10 44 
Im|29°° jaca, 
Q9M/\18..10 a4 
Oa|/ 8 7m 
4:a\26 4m 
LuM|15 2A 
QOm| 4 104 
4 | 23. 7A 
4aj12 5m 
rE lA 

12 Sl eett Lae 
10 aj20 llM™ 
7M| 9 8A 
5M|27 5A 
alive, 2am 
10 a| G6 ll 
8 4/25 OM 
4m j13 BisA 
L- AY--3+--2-m 
llm/21 lla 
Salil OM 
5 ™M 


CHAP. 
XXI. 


on oad 
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4 Table of the mean New Moons’ continued. 


January February ' March 


64/26 7/27 
Smi15 4 4/17 


Ey O2at68 oy) mia 
10 M ; 23 1} a| 24 


= 
- Yh a Ge NW a® 
5 


Gail® Fm} 13 

rg La Cee oe te aoe 
1mj20 24/22 2m 
g™| g 10 4/10 12 ™] 


7™.27 84/29 QM 
44/17 5mM/18 5A 
24 Gch al 8 ee 
3Oa!25 11M\/25 124 
7™Mi13 SB ALIS QM] 
A ee he oR 
LAi/22 2m/23 3A 
iWajll Il m/1I 124 
7M . i QO™m 
8 A 30 104 
5 ™M/18 64/20 6 mi 
1 3 A 
1} OA 
7 QA 
4 6 uM} 
2 4 mi 
1} O al 


The year 1800 begins 2 new Cycle. 
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A Table of the mean New Moons continued. 


| 1777 \25 


= > 
eo 
ee 
i 
oO 
2 r 
bo 
Qo 
i 
> 
tr 
NS 


9 1 Oa 
1778 \15 GwllS 7 4})13 SmiIt QA, 
' 1 OM 
1780 |22 Oal21 12/20 24119 3m 
1781 111 9 4{10 10™j 9 114; 8 Oa 
1 6%, +] 
1782 i307 4 290 8mi28 9Q ayaa Om 
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A Table of the mean New Moons concluded. 


November | December 


September | October 
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388. The Cycle of Easter; also called the Dio- “CHAP. 
nysian Period,-Is a revolution of 532 years, found _ me 
by multiplying the solar cycle 28 by the lunar raster cy- 
cycle 19. If the new |moons did not anticipate ce ¢¢*- 
upon this cycle, Easter-day would always,be the 
Sunday next after the first) full moon which  fol- 
dows the 21't of March. But, on account of the 
above anticipation, § 422, to nasi no proper re- 
gard was paid before the late alteration of the stile, 
the Ecclesiastic Easter has several times been a 
week different from the true, Easter within this 
Jast century. This inconvenience is now reme- 
died by making the table, which used to find 
Easter for ever, in the common prayer book, of 
no longer use than the lunar difference from the 
new stile will admit of. 

389. The earliest aster possible, is the 29*Number of 
_of March, the.latest the 25" of April. Within“"“"°" 
these limits are $5 days, and the number belong- 
ing to each of them, is called the number of. di- 
rection ; because, thereby the time of Easter is 
found for'any given year. ‘l’o find the number 
of direction, »according to the new stile, enter 
Table V, ‘at the end of this chapter, with the com- 
| plete hundreds of any given-year at the top, and 
the years thereof (if any) below. an hundred, at 
the left hand; and where thé columns meet, is 
the dominieal, letter for the given year. Then 
enter Table I, with the complete hundreds of the 
same yearat the left hand, and the years below 
an hundred, at the top; and where the columns 
meet, is the golden number for the same’ year. 
Lastly, enter Table IJ, with the dominical letter 

at the left hand, and golden number at the top ; 
and where the boluiniis meet, is the number of 
direction for that year ; which numbe7s, added to 
| the 21% day of March, shews on wha_ day either: 
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eee of March or April Easter Sunday falls tft that 

year... Thus the dominical letter, new stile; for 

the year 1757, is B, (Table V), and the’golden 

number is 10, (Table D, by which, in Table IT, 

the number of direction is found to be 20; 

To find the Which, reckoning from the 21°‘ of March, ends 

true Easter_on the 10" of April, that is Easter Sunday, in 
; theyear 1757. 

-N. B. There are always two dominicat letters 
to the leap-year, the first of which takes place to 
the 24" of February, the last for the following 
part of the year. 

390. The first seven letters of the alphabet are 
commonly placed in the annual almanacks, to 
shew on what days of the week the days of the 

Dominical months fall throughout the year. And because 
/yettery one of those seven letters must necessarily stand 
against Sunday, it is printed in a capital form, 
and called the dominical letter : the other six be- 
ing inserted in small characters, to denote the 
other six days of the week. Now, since a com- 
mon Julian year contains 365 days, if this num- 
ber be divided by 7, (the number of days in a 
week), there will remain one day. If there had 
been no remainder, it is plaia the year would 
constantly begin on the same day of the week. 
But since 1 remains, it is as plain that the year 
must begin and end on the same day of the 
week ; and therefore the next year will begin on 
the day following. Hence, when January begins 
on Sunday, 4 is the dominical, or Sunday letter 
for that year: then, because the next year be- 
gins on Monday, the Sunday will fall on the 
seventh day, to which 1s annexed the seventh let- 
ter G, which therefore will be the dominical] let- 
ter for all that year: and as’ the third year will 
begin on Tuesday, the Sunday will fall on the 
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sixth day; therefore F will be the Sunday letter CHAP. 
for that year. Whence it is evident, that the. **! 
Sunday letters will go annually ina retrograde 
order thus; G, PF, £,D,C, B,A. And inthe 
course of seven years, if they were all common 
ones, the same days of the week, and dominical 
letters, would return to the same days of the 
months. But because there are 366 days in a 
leap-year, if this number be divided by.7, there 
will remain two days over and above the 52 
weeks of which the year consists. And there- 
fore, if the leap-year begins on Sunday, it will end 
on Monday; and the next year will begin on 
Tuesday, the first Sunday whereof must fall on 
the sixth of January, to which is annexed the 
etter F, and not G, asin common years. By 
this means, the leap-year returning every fourth 
year, the order of the dominical letters is inter- 
rupted, and the series cannot return to its first 
state till after four times seven, or 28 years ; and 
then the same days of the months return in order 
to the same days of the week as before. 

391, Lo find the Dominical Letter for any 1, gna the 
year, either before or after the Christian era. dominical 
In Table III, or IV, for old stile, or V, for newt 
stile, look for the hundreds of years at the head 
of the table, and for the years below an hundred, 

(to make up the given year), at the left hand; 
and where the columns meet, you have the do- 
minical letter for the year desired, Thus, sup- 
pose the dominical letter be required for the year 
of Christ 1758, new stile, I look for 1700 at the 
head of Table V, and for 58 at the left hand of 
the same table; and in the angle of meeting, I 
find .4, which is’ the dominical letter for that 
year. If it was wanting for the same year old 
stile, it would be found by Table IV; to be D. 
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eHAP, But to find the dominical letter for any given 


MN year before Christ, subtract one from that year, 


To find the 
days of the 


months, 


and then proceed in all respects as just now 
taught, to find it by Table UI. Thus, suppose 
the dominical letter be required for the 585 
year before the first year of Christ, look for 500 
at the head of Vable II], and for 84 at the left 
hand ; in the meeting of these columns-is F £, 
which were the dominical letters for that year, 
and shews that it was a leap-year ; because: leap- 
year has always two dominical letters., 

392. To find the day of the month answering 
to any day of the week, or the day of the week 
answering to any day of the month, for any year 
past or to come. Having found theodominical 
letter for the given year, enter Table VI, with 
the dominical letter at the head; and: under it, 
all the days in that column are Sundays, in.the 
divisions of the months; the next column to the 
right hand are Mondays; the next, Tuesdays ; 
and so on to the last column under G; from 
which go back to the, column under4, and 
thence proceed towards the right hand as before. 
Thus, in the year 1757, the dominical letter, 
new stile, is B,in Table V ; then in Table VI, 
all the days under B are Sundays in that. year, — 
viz. the 2%, 9, 16", 23°, and 30", of January, 
and October; the 6", 13, 20", and 27" of 
February, March, and November ;. the 3°, 107, 
and 17" of April and July, together with the. 
31" of July; and.so.on to the: foot of the co- 


- Jumn. . Then, of course, all the days under Cion 


Mondays, namely, the 3°, 10", &c: of January. 
and October; and so of all the rest in that’ co- 
lumn. If the day of the week answering'to any 
day of the month be required, it is: easily had 
from the same table by the letter: that stands at — 
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the top 0 the column in ae the given day of HAF: 
the month is found. | Thus, the letter that stands , biti 
over the 28" of May is 4 ; and in the year 585° 
before. Christ, the dominical letters were found 
to. be FE, § 391; which being a leap-year, and 
E taking place from the 24" of February to the 
end of that year, shews by the table that the 25 
‘of May was on a Sunday ; and therefore the 28” 
must,haye been on a Wednesday ; for when E 
stands for-Sunday, /' must stand for Monday, G 
for Tuesday, &c. Hence, ‘as it is said, that the 
famous eclipse of the Sun foretold by Thales, by 
which a peace was brought. about between the — 
Medes and Lydians, happened onthe 28". of 
‘May, in the 585™ year anaes Christ: it fellona 
Wednesday... 
- 393. From the malsiplication a the solar cy- Julian pe- 
_cle of 28 years, into the lunar cycle of 19 years, Gg 
and the Roman indiction of 15 years, arises. the 
great Julian period, consisting of 7980 years, 
-which had its beginning 764 years before Strau- 
chius’s supposed year of the creation, (for no 
later could all the three cycles begin together), 
and it is not yet completed: and therefore it in- 
_ cludes all other cycles, periods, and eras. ‘There 
is but one year in the whole period that has the 
same numbers for the three cycles of which it is 
made up: and therefore, if historians had _re- 
marked in their writings the cycles.of each year, 
there had. been no dispute about the time of any 
action recorded by them. 

394. The Dionysian, or vulgar cra ah Christ’s T° find the 
birth, was about the end of the year of the Julian period. 
period 4713 ; and consequently the first. year of 

Is age, according to. that. account, was. the 
4'714°° year of the said period. Therefore, if to 
the current year of Christ we add 4713, the 


GHAP. 


XXII. 


And the 
cycles of 
thet year. 
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sum will be the year of the Julian period. So 
the year 1757 will be found to be the 6470% 
year of that period. Or, to find the year of the 
Julian period answering to any given year before 
the first year of Christ, subtract the number of 
that given year from 4714, and the remainder 
will be the year of the Julian period. Thus, the 
year 585 before the first year of Christ, (which 
was the 584" before his birth), was the 4129 
year of the said period. Lastly, to find the cy- 
cles of the Sun, Moon, and indiction, for any 
given year of this period, divide the given year 
by 28, 19, and 15; the three remainders will 
be the cycles sought, and the quotients the num- 
bers of cycles run since the beginning of the pe- 
riod. So in the above 4714" year of the Julian 
period, the cycle of the Sun was 10, the cycle of 
the Moon 2, and the cycle of Indiction 4; the 


* solar cycle having run through 168 courses, the 


The true 
sera of 
Christ's 


birth. 


lunar 248, and the indiction 314. 

895. The vulgar zra of Christ’s birth was 
never settled till the year 527, when Dionysius 
Exiguus, a Roman abbot, fixed it to the end of 
the 4713" year of the Julian period, which was 
four years too late-—-For our Saviour was born 
before the death of Herod, who sought to kill 
him as soon as he heard of his birth, And, ac- 
cording to the testimony of Josephus, (B. xvii, 
ch. 8), there was an eclipse of the Moon in the 
time of Herod’s last illness; which eclipse ap- 
pears, by our astronomical tables, to have been 
in the year of the Julian period 4710, March 
13", at 3 hours past midnight, at Jerusalem. 
Now, as our Saviour must have been born some 
months before Herod’s death, since in the inter- 
val he was carried into Egypt, the latest time in 
which we can fix the true era of his birth, & 
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about the end of the 4709" year of the Julian, CHAP 
period. ‘wee 
There is a remarkable prophecy delivered to 
us in the ninth chapter of the book of Daniel, : 
which, from a certain epoch, fixes the time of 
restoring the state of the Jews, and of building 
the walls of Jerusalem, the coming of the Mes- 
siah, his death, and the destruction of Jerusalem. 
—But some parts of this prophecy (ver. 25), are 
so injudiciously pointed in our English transla- 
tion of the bible, that, if they be read according 
to those stops of pointing, they are quite unintel- 
ligiblee—But the learned Dr. Prideaux, by alter-_ 
ing these stops, makes the sense very plain: 
and, as he seems to me, to have explained the 
whole of it better than any other author I have 
read on the subject, I shall set down the whole 
of the prophecy according as he has pointed it, 
to shew in what manner he has divided it inte 
four different parts. | 
Ver. 24. ‘ Seventy weeks, are determined 
upon thy people, and upon thy holy city, to 
finish the transgression, and to make an end 
of sins, and to make reconciliation for iniqui- 
ty, and to bring in everlasting righteousness, 
and to seal up the vision, and the prophecy, 
and to anoint the most holy. Ver. 25. Know 
therefore and understand, that from the going 
forth of the commandment to restore and 
build Jerusalem unto the Messiah, the prince 
shall be seven weeks and threescore and two 
weeks, the street shall be built again, and the 
wall even in troublous times. Ver. 26. And 
after threescore and two weeks shall Messiah 
be cut off, but not for himself, and the people _ 
of the prince that shall come, shall destroy the 
city and sanctuary, and the end thereof shall ‘ 
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cuap. © be with a flood, and unto the end of the war 


Me 4 4 


© desolations are determined, Ver. 27. And he 
.€ 


shall confirm the covenant with many for one 
¢ week, and in the midst* of the week he shall 
¢ cause the’sacrifice’ and the oblation to «cease, 
« and for the overspreading of abominations he 
‘ shall make it desolate even until thé consum- 
¢ mation, and that determined shall ‘be poured 
‘ ‘upon the desolate.’ 

This commandment was given to Ba by Ar+ 
taxerxes Longimanus, in the seventh year of that 
king’s reign (Ezra, ch. vil, ver. 11-26). Ezra 
began the work, which was afterwards accom- 


plished by Nehemiah ; ;'in which they met with 


great opposition and trouble from the Samaritans 
and others, during the first seven weeks, or 49 
years. 

From this accomplishment, till the time when 
Christ’s messenger, John the Baptist, began to 
preach the kingdom of the Messiah, 62 Werks, 
or 434 years. 

From thence, to the beginning of Christ’s pub- 
lic ministry, half a week, or 3} years. 

Avia Soin thence te’ the death lok Christ, half 
a week, or 3% years; in which half week he 
preached, and confirmed the covenant of the gos- 
pel with many. - 

In all, from the going forth of the command- 
ment, till the death of Christ, 70 weeks, or 490 
years. | 
And, lastly, in a very ‘striking manner, the ~ 
pr ophecy foretels what should come to pass af- 
ter the Pea of the seventy weeks ; namely, 


* 


* The ibckay says, that this ought to be rendered, the 
half part of the week, not the midst. ° 


S 
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the’ destruction of the city and sanctuary by the crap. 
people of the prince that was to come; which **™ 
were the Roman armies, under the command of 
Titus their prince, who came upon Jerusalem as 

a torrent, with their idolatrous images, which 

were an abomination to the Jews, and under 
which they marched against them, invaded their 
land, and besieged their holy city, and by a ca- 
lamitous war brought such utter destruction up- 

on both, thatthe Jews have never been able to © 
recover ‘thidhiselves! even to this day. 

- Now,’ both: by: the undoubted: canon of Ptole- 
my, and the famous cera of Nabonassar, the be- 
ginning of the seventh year of the reign of Ar- 
taxerxes ‘Longimanus, king of Persia, (who is 
called’ Ahasuerus in the book of Esther), is pin- 
ned down to the 42.56™ year of the Julian period, 
in which year he gave Five the above-mentioned 
ample commission : from which count 490 years 
to the death of Christ, and it will carry the same 
to the 4746" year of the Julian period. 

Our Saturday i is the Jewish Sabbath : and it is 
plain, from S*. Mark, ch. xv, ver. 42, and S*. 
Luke, ch. xxiil, ver. 54, that Christ was crucifi- 
ed on a Friday, seeing the crucifixion was on the 
day next before the Jewish Sabbath.—And, ace - 
cording to S*. John, ch. xvili, ver. 28, on the 
day that the passover was to be eaten, at least by 
many of the Jews. 

The Jews reckoned their months by the 
Moon, and their. years by the apparent revolu- 
tion of the Sun: and they eat the passover on the 

14 day of the month of Nisan, which was the 
first month of their year, reckoning from the first 
appearance of the new moon, which at that time 
of the year might be on the evening of the day 
next after the pica if the sky was clear. So 


cuap. that their.14" day of the month answets. to. our’. 
15° day of the Moon, on which she is full. 
Consequently, the. passover was aprays kept on, 


XXII. 
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the day of full moon. 

And the full moon at which it was kept, was 
that one which happened next after the vernal 
equinox.—For Josephus expressly says, (Antiq. 
B. ul, ch. 10), ‘ The passover was kept on the 
* 14" day of the month of Nisan, according to 
© the Moon, when the Sun was in. Aries.’— 
And the Sun always enters Aries at the instant 
of the vernal equinox ; which, in our Saviour’s 
time, fell on the 22° day of March. 

The dispute among .chronologers about: the 
year of Christ’s death, is limited to four or. five 


years at most.—But, as we have shewn. that he, 
was crucified on the day of a pascal full moon,.. 
and on a Friday, all that we have to do, in order. 
to ascertain the year of his-death, is only to-com-= 


pute in which of those years there wasa passover 
full moon on a Friday.—For, the full moons an- 
ticipate eleven days every year, (12 lunar months 
being so much short of a solar year), and there- 
fore, once in every three years at least, the Jews 
were obliged to set their passover a whole month 


forwarder than it fell by the course of the moon, 


on the year next before, in order to keep: it at 
the full moon next after the equinox ; therefore, 
there could not be two passovers on the same 
nominal day of the week, within the compass of 
a few neighbouring years. And:I find by calcue 
lation, the only passover full moon that fell on a 
Friday, for several years before or after the dis- 
puted year of the crucifixion, was on the 3° day 
of April, in the 4746" year of the Julian period, 

which was the 490" year after Ezra received the 
above-mentioned commission from. Artaxerxes 


oe 
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Longimanus, according to Ptolemy’s canon, and CHAP. 
the year in which the Messiah was to be cut off, ** 
according to the prophecy, reckoning from the 
going forth of that commission or command- 
ment: and this 490™ year was the 33% year of 
our Saviour’s age, reckoning from the vulgar 
zera of his birth; but the 37", reckoning from 
the true zra thereof. | 7 
And, when we reflect on what the Jews told 
him, some time before his death, (John viii, 57), 
«* Thou art not yet fifty years old,’ we must 
confess, that it should seem much likelier to have 
been said to a person near forty, than to one but 
just turned of thirty. And we may easily sup- 
pose, that S’. Luke expressed himself only in 
round numbers, when he said that Christ was 
baptized about the 30" year of his age, when he 
began his public ministry ; as our Saviour him- 
self did, when he said he should lie three days 
and three nights in the grave. a | 
The 4746" year of the Julian period, which 
we have astronomically proved to be the year of 
the crucifixion, was the 4" year of the 202° 
Olympiad ; in which year, Phlegon, a heathen 
writer, tells us, there was the most extraordinary 
eclipse of the Sun that ever was seen. But I find 
- by calculation, that there could be no total eclipse 
of the Sun at Jerusalem, in a natural way in that 
year.—So that what Phlegon here calls an eclipse 
of the Sun, seems to have been the great dark- 
ness for three hours at the time of our Saviour’s 
crucifixion, as mentioned by the evangelists: a 
darkness altogether supernatural, as the Moon 
was then in the side of the heavens opposite to 
the Sun; and thérefore could-not possibly dark- 
en the Sun to any part of the Earth. 
pea RG OL 08. Gg 
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396. As there are certain fixed points in the 
heavens from which astronomers begin their com- 
putations, so there are certain points of time from 
which historians begin to reckon; and these 
points, or roots of time, are called zeras or epochs.. 
‘The most remarkable zeras are those of the crea- 
tion, the Greek Olympiads, the building of Rome,. 
the zera of Nabonassar, the death of Alexander, 
the birth of Christ, the Arabian Hegira, and the 
Persian Yesdegird :: all which, together with se- 
veral others of less note, have their beginnings in 
the following table fixed to the years of the Julian 
period, to the age of the world at those times, : 
and to the years before and after.the year of: 
Christ’s birth. . i 


[ 467 7 


A Table of remarkable ZBras énd Events. 


Julian vy. ofthe cfef. H 
period | world. Christ. ‘ AP. 


i. The creation of the world srossessosnarvecessvese -) 0 4007, 
2. The deluge, or Noah’s Tadd ch hseeid Kebklie saat 1056' 2351 
3. ‘The Assyrian monarchy founded by Nimrod 1831 2176. 
4.” The birth of Abraham \pscreseccbvopseve cveceoessooe: | 2008: 1999. 
5. The destruction of Sodom and Gomorrah... |‘ | 2110, 1897 
6. The beginning of the kingdom of Athens by | 
- 1 CeCrOpSseyeronseeveusereserseseseeeenseesensvessesse ses 2451) 1556, 
a, Moses, receives the ten commandments.....o00 |2516 1491 
8. The entrance of the Israelites into Canaan... | 2556) 1452. 
g. The Argonautic ex editiomsscnsssenteineetes |3450| 2744; 1263. 
10. The destruction of Troy ssoocssescsesesssveoneseres 2823 | 1184 
11.’ The beginning of King David’s reign..... sees 2944} 1063: 
12. "Phe foundation of, aon ’s temple ...sesere 1 | 2995 | 1032 . 
13." Lycurgus forms his excellent laws. wedi: ess 29 | 3103-|° 884 
14. Arbaces, the first king of the Medes sss 31313217875, °° 
15. Mandaueus, the SECON ec esessncrsvsssssenseesnents . 5| 3159} 848 
16. Sosarmus, the third..,.c.ccocssssecere sy adfave sea taes | 3209} 708. 
17. The beginning of the Olympiads ...........00 3232} 775 
18. Axtica, the fourth king of the Medes..... oy, 3239) 768 
19. Thé Catonian epocha sie buildings of Rome: 11/3255] 752: 
20. The zera of Nabonassatevssccessoceesssvevcte sees 17| 3261} 746 
21.) The destruction of Samaria by ~ nga de )2'| 3286] 731. 
22. The first eclipse of the Moon on record,..... | 3993 |'3287 | 720 
23, Cardicea, the fifth king of the Medes.....30. 3200| 717 
24, Phraortes,: the: sixth 40. secacseencesseoresveveseoeeee | At ‘8352! 655. 
25. Cyaxares, the pb ventlinnaneacnsdictialh sissassecsee | 408013374] 633° 
26.° The first Babylonish reeueed by Nebuchad: iol eM 
se FMOZTAL sage end eovissbendscvasasenstdgvd ced aphid ebevedse | 3401 | .606 
27.° The long ‘war ended between the Medes and ae 
: LG Giatiahc,..-cccsesscereneseesvens soysosevedsbcaseuty 4118494054 - GOZ 
28. The second Babylonish captivity, and birth WO OTh +o 
b of Cyrus Eb mnevsnbonentel Puts <Piid. ddstVdsedted 3408| 590 © 
29. The destruction of Solomon’s temple.......0. 3419| 588 
30. Nebuchadnezzar struck with madnessy.....00 (134881 569 
31. Danicel’s vision of the four monarchies.esseeere 3452! 555 
32. Cyrus begins to reign in the Persian ig ag 3471 | 536. 
33. The battle of “Miarathon cvcieescsessebeceden doense 3517 490 
34, Artaxerxes Longimanus begins tO TEILN eves 3543; 404 
35. The beginning of Daniel’s 70 weeks of years 3550; 457. 
36. The beginning of the Peloponnesian Wate. 3570 b 431 
37, Alexander’s victory at Arbela bzaabs sevevecenere, 3.13677 [ ‘330 
Pipetttgy cle-ath 5.20assch ahesceanseszanciatls-cp>rcsensecaivatan 


3684 | 323 


Gee 
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CHAP. . 39. The captivity of 100,000 Jews by King 
» KXL AEP IIV is ohn sad aseenseustiwaconensgnesapautennarea’ 
“~~ 40. The Colossus of Rhodes thrown down by an | 
Garth qtiake a asvvavsevesssbitseiubbenses berate isstaee 
41, Antiochus defeated by Proleny Philopater 
42. The famous Archimedes murdered at Syra- 
cuse Cee BES OTe COD OTH GES COE GE cece ee 200 ene eeeeresoess ceesee 
43. Jason butchers the inhabitants ‘of Jerusalem 
44. Corith plundered and. burnt by Consul 
LM OMMIMS. is pevvcedereedelecsbewesebecs uss egecenenvene 
45. Julius Cesar invades PUL ieidipeercn gies T 
46. He corrects the Calendar.ssersssseevers i accabesve sed cate 
47. Is killed in the senate-housesi..sessscsossosssserees 
48. Herod made king of Judea ii. is ee ert a 
49. Anthony defeated at the battle of Neetu 
50, Agrippa builds the Pantheon at meet 
51, The true gra of Christ’s sao tate 
52. The death of Herod... eet? Dyersdeasays rs) 
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53. The Dionysian, or vulgar eraof Christ’sbitth 
54. The true year of his crucifixions...oasececsosee 
55. The destruction of Jerusalem....c.srseeeegees “gi 
56. Adrian builds the long wall in Britain........, 
57. Constantius defeats the Picts in Britain jana ‘ 
58. The council of Nice... fcishtyhesopelel ail 
59. The death of Dosbtaudice: the Great... sama hale 
60. The Saxons invited into Britain....sscccseseee 
61. The Arabian Hegira......0.0 bi sia obeaig 
62. The death of Mahommed, the pretended pro- 
Fiet dcenasaeste MARY GOON ive sveghadivivibdiva sides 

63. The: Perbinn  V esdegird,..csasyercspencctggeeteones 7 
64. ‘The Sun, Moon, and allthe planets i in ibe, 
» | Sept. 14, as seen from the Earth......es.00. 
65. ‘The art of printing discovered......... debvlclesteh 
66. "The reformation begun by Martin Luther... : 
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Of the Age of the World. _ 469 


In fixing the year of the creation to the 706" cuap. 
year of the Julian period, which was the 4007" | **! 
fea before the year of Christ’s birth, I have fol- age of the 

owed Mr. Bedford in his seripture chronology, world un- 
printed a. p. 1730, and Mr. Kennedy, in’a work “"*"" 
of the same kind, printed a. p, 1762.—-Mr. Bed- 
ford takes it only for granted that the world was . 
created at the time of the autumnal equinox; 
but Mr. Kennedy affirms, that the said equinox 
was at the noon of the fourth day of the creation. - 
week, and that the Moon was then 24 hours past 
her opposition to the Sun.—If Moses had told 
us the same things, we should have had sufficient 
data for fixing the zra of the creation; but, as 
he has been silent on these points, we must con- 
sider the best accounts of chronologers as entire- 


ly hypothetical and uncertain. 
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Shewing the Dominical Letters, Old Stile, for 4200 years 
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Before Christ. - - Hundreds of Years. 
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Shewing the Days of the Months for. both Stiles, by the 


Dominical Letters. 


| Week days. 


January 31 {| 15 
October 31 | 22 | 23 


5 
Feb. 28-29 | 12 
March 31 
November 30 260 27 | | 28 
hae 2 | 
9 
April 30 16 
July 31 23 
30 
6 
13 
August 31 
3 
10 


September 30 | 17 
December 31 | 24 


May 31 


June 30 18 | 19 | 20 | 21 | 22 
! 25 | 26 6 | 27 28 | 29 
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TO THE FIRST VOLUME, 0009 @ 


The Numeral Figures refer to the Articles. 


BS 


Accezeration of the stars, 221. 

of the Moon, 163, note. 

Angle, what, 185, note. 

Annual parallax of the stars, 190. 

Anomaly, what, 239. 

Ancients, their superstitious notions of eclipses, 320. 
Their method of pee ae the P gnc 361. 

Antipodes, what, 122.00 

Apsides, line of, 238. ’ 

Arcurmepss, his ideal problem ie moving the Earth; 150. 


- 


-dreas described by the planets, proportional to the times, 


153. 
Astronomy, the great advantages arising from it Both’ in our 
religious and civil concerns, 1. 
- Discovers the laws by which the Hoe move, and are 
retained.in their orbits, 2.° < : 
Atmosphere, the higher the thinner, 2 re ia 
Its prodigious expansion, tid. 
Its whole weight on the Earth, 175. 
Generally thought to be heaviest when it is Rb tet? 176. 
Without it the heavens would appear dark in ‘the day- 
time, 177. 
Is the cause of twilight, iid. 
Its height, zlid. 
Refracts the Sun’s rays, 178. 
Causes the Sun and’ Moon.to appear above ie horizon 
when they are really below it, zdid. 
Foggy, deceives us in the bulk and distance of a 
185. 


eas 
a 
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Attraction, 101-105. | “ 
Decreases, as the square of the distance i increases, 106. 
Greater in the larger than in the smaller planets, 158. 
Greater in the Sun, than in all the planets if put toge- 
ther, zbid. 
Axes of the planets, what, 19... 
Their different positions with. respect to’one another, 120." 
Axes of the Earth, its parallelism, 202. 4g 
Its position variable as seen from the Sun or Moon, 338. 
The ‘phenomena thence arising, 340. 


\ 
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B 


Bodies; on she Earth, lose of their weight the’ nearer ae 
are to the equator, 117. 
How they might lose all their eight: 118. 
How they become eerie 167, 


, 
Cc 


Calendar, how to inscribe the golden numbers: vate in ie 
for shewing the days of new moons, 386. 
Cannon- Ball, its ete tness, 89. 
In what times it would fly from the Sunt to. the different’ 
., planets and fixed stars, zbid.. 
Cassint, his account of a double star eclipsed by i Mooi, ’ 
58s, of 
His diagrams of the paths of the planets, 138." 
Catalogue of the eclipses, 327. 
Of the constellations and stars, 362. 
Of remarkable zras and events, 396. . 
Celestial globe improyed, 401. 
Centripetal and cen trifugal, forces, how they aremnatay over-" 
“come each other in the motions of the planets, 152-154. 
Ceres, a new planet lately discovered, 67, note. 
Changes in the Heavens, 360. | 
Circles, of perpetual apparition and occultation, 128. 


Of the sphere, 198. a 
Contain 360 degrees, whether they be great or as 9 
207. | 
Civil Year, what, 374. 
Cotumpus, (CurisToPHER ) his story concerning an eclipse, % fs 
y 330. i, 
Clocks and Watches, an easy method of knowing whether’ i 


they go true or false, 223. 


INDEZ. 479 
Clocks and Watches, why they seldom agree | with the Sun if 
they go true, 228-245. 
‘How to regulate them by’ equation tables, and’a meridian’ 
~ line, 225-226, i 
Cloudy Stars, 805,12 
Constellations, ancient, their number, 359. 
The number of stars mm each, aerontin ib Pe on astro- 
nomers, 362, . « | 
Cycle,’ silat, hangt and” Romish, 383. 


Darkness at' our Saviour’s crucifixion supernatural, 3 95»: 
Day, natural and artificial, what, 380.: | 
And Night, always equally long at the equator, 126. 
Natural, not completed in ‘an absolute turn of the: Earth , 
on its axis, 222.° 
Degree, what, 207. . 
Digit, what, 336, note. 
Direction, number of, 380. 
Distances of the planets from the Sun, an idea of them, 89. 
A. table of them, 98.’ 
How found, 190; and in the dissertation on the transit 
of: A, Chap: XXIII, Vol. 1. 
Diurnal and annual motions of the Earth illustrated, 200, 
202. i 
Dominical Letter, 390. 


Double projectile force, a balance to a Quadruple power of* 


Gravity, 153. 
Double Star covered by the Moon, 58. 


OE 


Earth, its bulk but a point as seen from the Sun, 3.. 

Its dia aeter, annual period, and distance from the Sun, 47. 

‘Turns tound its axis, 27d. | 

Velocity of its equatoreal parts, zid, 

Velocity, in its annual orbit, iid. 

Inclination of its axis, 48. 

Proof ofits being globular, or ‘neatly so, 49-31. 14. 

Measurement of its surface, 50. 

Difference between its equatoreal and polar diameters, 76. 

Its motion round the Sun demonstrated by gravity, 108, ~- 
111; by Dr. Bradley’s observations, 113; by the eclips- 
es of Jupiter’s satellites, 219. 


ese sax 
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Earth, its diirnal motion highly probable, { from the absurdi- 
ty that must follow upon supposing it not to move,-111—. . 
122, and demonstrable from its figure ; ; 1 16, this motion | 
cannot be felt, 119. 
Objections against its mation answered, 112-121, 
It has no such thing as an upper or an under side, 122. 
In what case it might, Trot. 
The swiftness of its motion in its orbit compated with the » ; 
velocity of light, 107. 
Its diurnal and annual motions illustrated by an easy ex- 
periment, 200. 
Proved to be less than the Sun, and bigger than the Moon, 
315. : 
_ Easter Cycle, 388. > Paar 
Eccentricity of the planets, 155, note. 
pees of Jupiter’s satellites, how the longitude i is found 
by them, 212 ; they demonstrate the velocity of light, 216, 
Of the Sun La Moon, 312~350. : 
Why they happen not in every month, 316. 
When they must eppenst 317. : 
Their limits, 27d. 7 
Their period, 320. 
_A dissertation on their progress, ibid. 
A large catalogue‘of them, 327. 
Historical ones, 328. ° 
* More of the Sun than of the Moon, and why, 331. 4 
The proper elements for their calculatien and projection, 
; 


- 


ST ae 

Ecliptic, its signs, their names ‘and characters, QJ. 

Makes different angles with the horizon every hour and 
minute, 275 ; how these angles may be phi a by the 
position of the Moon’s horns, 260. 

Its obliquity to the equator less now than it was former- 
ly, 368. 

Piokins of the planets, as seen by an observer at. rest on 
the outside of all their orbits, 133. 

Of Mercury and Venus, as seen from the Earth iMustrat- 
ed, 142 ; its quantity, 143. 

Of Mercury, Venus, the Earth, Mars, and Fapeers their 
quantities, as seen from Saturn, 147. 

Equation of time, 224-245. 

Equator, day and night always equal there, 126. 

Makes always the same angle with the horizon of. the 
same place ;_ the ecliptic not, 274, 275. — 

Equinoctial Points, in the heavens, their precession, 946; a i 
very different thing from the recession or anticipation of 
the equinoxes on Earth, the one not occasioned by the 
other, 249. 
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Equinoctial Points, ras or epochs, 396. 
Excentricities of the planets orbits, 155. 


x 


Fallacies in“judging of the bulk of objects by their apparent 
distance, 185; applied to the explanation of the horizon- 
tal Moon, 187. 

First Meridian, what, 207. te 

Fixed Stars, why they appear of less magnitude when view- 
ed through a telescope than by the bare eye, 354. 

Their number, 355. 
Their division into different classes and constellations, . 
358, 359. 


G. 


General Phenomena of a superior planet, as seen from an in- 

ferior, 149. . 

Georgium Sidus, a new planet lately discovered, 84, note. 
Gravitation, universal, proved by the attraction of moun- 
tains, and by the experiments of Cavendish, 103, note. 

Gravity, demonstrable, 101-104. 

Keeps all bodies on the Earth to its surface, or brings 
them back when thrown upward ; and constitutes their 
weight, 101-122. he 

. Retains all the planets in their orbits, 103. 
~ Decreases as the square of the distance inereases, 106.. 

Proves the Earth’s annual motion, 108. 

Demonstrated to be greater in the larger planets than in 
the smaller ;, and stronger in the Sun. than in all the 
planets together, 158. 

Hard to understand what it is, 160. 

Acts every moment, 102. 

Great Year, 251. . 


H. 

4 . ; 
Harmony of the celestial motions, 111. 
Harvest-Moon, 273~293. 

None at the equator, 273. 

Remarkable at the polar circles, 285. 

In what years most and least advantageous, 292. 
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Heat, decreases as the square of the distance from the Sun 
increases, 169. 
Why not greatest when the Earth is near eat the Sun, 205. 


Why greater about three o’clock in the afternoon, than 


when the Sun is on the meridian, 300. 

Heavens, seem to turn round with different velocities as seen 
from the different planets ; and on different:jaxes as seen 
from most of them, 120. ©) 2. 0 > 
Ouly one hemisphere of them seen at once from any one 

. planet’s surface, 125. 
The Sun’s centre the only point from which their true 
motions could be seen, 135. 
Changes in them, 360. 

Horizon, what, 125, note. 

Horizontal Moon explained, 187. 

Horizontal Parallax, of the Moon, 190; of the Sun, 191; 
best observed at the equator, 193. 

Hour Circles, what, 208. 

Hour of time equal to 15 degrees of motion, zbid. 

How divided by the Jews, Chaldeans, and Arabians, 382. 

Huycenivs, his thoughts concerning the distance of some 
stars, 5. 


I, 


Inclination of Venus’s axis, 29. 
Of the Earth’s, 48. 
Of the axis or orbit of a planet only relative, 201. 
Inhabitants of the Earth, or any other planet, stand on op- 
posite sides with their ‘feet toward orie another, yet each 
thinks himself on the upper side, 122. 
frregularities of the planetary system periodical, 163, 
note. 


Je 


Julian Period, 393. 
Juno, a new planet lately distbvened: 67, note: 
Jupiter, its distance, diameter, diurnal and annual revolu- 
tions, 67—69. 
The phenomena of its belts, 70. 
Has no difference of seasofis, 71. 
Has four Moons, 723 their grand period, 73 ; the angles 
which their orbits mibtcath as seen from the Earth, 74. 
most of them are eclipsed in every revolution, 75. 
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Jupiter, thé great difference between his equatorial and polar 

_ diameters, 76. 

- The inclination of his orbit, and place of its ascending 
node, 77. 

The Sun’s light 3000 times as atrony on it as full moon , 
light is on the Earth, 85. 

Is probably inhabited, 86. 

The amazing str rength required to put it in motion, 158. 

The figures of the paths described by its satellites, ~ 


Eye 


Light, the inconceivable smallness of its particles, 165 3 and 
the great mischief they would do if they were larger, 1606. 
Its surprising velocity, 1606; compared with the swiftness 
of the Earth’s annual motion, 197. 

Decreases as the square of the distance from the luminous 
body increases, 169. 

Is refracted i in passing through different mediums, 7 {— 
1733 

A ffords a proof of the Earth’s Raine! motion, 197—219. 

In what time it comes from the Sun to the Earth, 210; 
this explained by a figure, 217. 

Limits of eclipses, 317. \ 

Line, of the nodes, what, ally has a retrograde motion, 
310. 

Of sines and chords, how to as 369. 

Lone, (Rev: Dr.) his method of comparing the quantity 
of the surface of dry land with, that of the sea, 51. 

His glass sphere, 120. 

Longitude, how found, 207~213. 

LONGOMANTANUS, his system of the world, 97, note. 

Lucid Spots in the heavens, 364. 

Lunar Cycle deficient, 385. 


r 


M. 


Magellanic Clouds, 365, 

Man, of a middle size, how much pressed by the weight of 
the atmosphere, 175 ; why this pressure is not felt, zdid. 
Mars, its diameter, period, distance, and other phenomena, 

64—67. 
Matter, its properties, 9Q. 
Mean Anomaly, what, 239. 
Mercury, its diameter, Arta aie &e, 22. 
2 
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Mercury appears in all the shapes of the Moon, 23. 
When it will be seen on the Sun, 24, and note. 
The inclination of its orbit, and place of “its pectin 
node, iéid. . 
‘Its path delineated, 138. : : 
Experiment to shew its shina and apparent dita 142. 
Mercury (quicksilver) in the barometer, why not affected by 
the Moon’s raising tides in the ae Slvose Qitse 
Meridian, first, 207. 
Line, how to draw one, 226. 
Milky Way, what, 363. 
Months, Jewish, Arabian, aprEtian, and pcb 378. 
Moon, her diameter and period, : 52 
Her phases, 53-255. 9° 
Shines not by her own light, « 54: 
‘Has no difference of seasons,,55. r 
The Earth is a. moon to her, 56. aK 
Has a twilight, and consequently an atmosphere, accord- 
ing to Schroeter, 58, note, 225, note. 
The ‘dark parts of her surface not seas, 5Q3 note. : 
Has no atmosphere of a visible density, 585 nor ing 
59. 
How va inhabitauts may be supposed to measure. their 
year, 62. 
Her light compared with daylight,.85._ 
The'eccentricity of her orbit, 98. 
Is nearer the earth now than she was formerly, 163. 
Appears bigger on the horizon than at any considerable 
height above it, and why, 187 ; yet is seen much under 
the same angle in both cases, 188. 
Her surface mountainous, 252; if smooth, she ida give 
us no light, zbid. 
Height of some of the lunarmountains, 252, wich. 
Why, no hills appear round her edge, 253. 
Has no twilight, 254. 
Appears not always quite round when full, 256. 
Her phases agreeably represented by a globular stone 
viewed in sunshine when she 1s above the horizon, and 
the observer placed as if he saw her on the ia of the ‘a 
stone, 258. ay : . 
‘Turns round her axis, 262. : 
The length of her solar and sydereal day, zid. | ’ 
Her periodical and synodical revolution represented by the r 
motions of the hour and minute hands of a watch, 264. 
Her path delineated, and shewn to be always concave to 
the Sun, 265~268. 
Her motion alternately retarded and accelerated, 207 


Moon, hey gravity towards the Sun greater than towards 
the Earth at her conjunction, and why she does not then 
abandon the Earth on that-account, 268. 

Rises nearer the time of sun-set when about the full in 
harvest for a whole week, than when she is about the 
full at any other time of the year, and why, 273~284 ; 
this rising goes through a course of increasing and de- 
creasing benefit\to the farmers every 19 years, 292. 

Continues above the horizon of the poles for 14 of our 
natural days together, 293. 

Proved to be globular, 314 ; and to be less than the Earth, 
SilS. 

Her nodes, 317; ascending and Bepdactdine 318; their 
retrograde motion, 319. 

Her acceleration proved from ancient eclipses; 322, note. 

_ Her apogee and perigee, 336. 

Not invisible when she is totally eclipsed, and why, 346, 
and note. 

How to calculate her conjuncsidis, oppositions, and 
eclipses, 353. 

Morning and Evening Star, what, 145, 

Motion, naturally reabiimneel 100. 

Apparent, of the planets as seen by a spectator at rest on 
the outside of all their orbits, 133 ; and of the heavens 
as seen from any planet, 154. 

fountains, attraction of, 103, noée. 


N. 


; Natural Days not completed in the time that the Earth 
turns Vanda its axis, 222. 

New and Kuli Moon, to calculate the times. of, 353. 

New Stars, 366 ; cannot be comets, 307. 

New Stile, its original, 377. 

Nodes of the planets orbits, their places in the ecliptic, 20. 
Of the Moon’s orbit, 317 ; their retrograde motion, 319. 

Nonagesimal Degree, what, 259. 

Number of Direction, 389. 


O. 


Oljects, we often sly their bulk by mistaking thd dis- 
tance, 185. 

Appear bigger when seen through a fog than through 

clear air, and why, ‘lid ; this applied to the explanation 

of the horizontal Moon, 187. 

. . 4 
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Oblique Sphere, whats 131. 
Olympiads, what, 323, note. 
Orlits of the planets not solid, 21. 


Pp 


Pallas, a a new planet lately discovered, 67, note. 
Parallax, horizontal, what, 1G0. 
Parallel Sphere; what, 131. 
Pati: of the Moon, 205=267. 
Of Jupiter’s Moons, 209. 
Penetrating power of telescopes, 170, note. 
Pendulums, their vibrating slower at. the equator than near 
the poles, proves that the Earth turns on its axis, 117.,_ 
Penumbra, what, 330. °° 
Its velocity on the Earth in solar eclipses, 337. 
Period of Eclipses, 320-320. 
Phases of the Moon, 255. 
Planets, much of the same nature with the Earth, 11. 
Some have moons belonging to them, 12. ’ 
Move all the same way as seen from the Sun, but not as 
seen from one another, 18. 
‘Their moons denote them to be inhabited, 86. 
The proportional breadth of the Sun’s disc, ag seen from 
each of them, 87. 
“Their proportional bulks as seen from the Sun, 88. 
An idea of their distances from the Sun, 89. 
Appear bigger and less by turns, and why, 90. 
How +o distinguish them by their colour, zbid. note. 
Are kept in their orbits by the power of gravity, 101, 
150-158. 
Their motions very irregular, as seen from the Earth, 137. 
The apparent motions of Mercury and Venus delineated 
by pencils in an orrery, 138. 
* Elongations of all the rest, as seen from Saturn, 147. 
Describe equal areas in equal times, 153. of 
‘The eccentricities of their orbits, 155. 
In what times they would ae to the Sun by the power of 
gravity, 457. * i 
Disturb cne cadthedt 8 motions the consequence thereof, 
163. 
Appear dimmer when seen n through telescopes than by the . 
_ bare eye, the. reason of this,170: : 
Polar Circles, 198. 
Poles, of the planets, what, 19. 
Of the world, what, 122. deel 
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Poles, celestial, seem to keep in the same points of the hea- 
vené all the year, and why, 196. 

Projectile Force, 150; if doubled, would require a quadruple 
power of gravity to retain the planets in their orbits, 153. 
Is evidently an impulse from the hand of the Almighty, 

161. 
Precession of the Equinoxes, 246—251. 
Ptolemean system absurd, Q96—140. 


R. 5 


Rays of Light, when not disturbed, move in straight lines, 

and hinder not one another’s motions, 168. 

Are refracted in passing through different mediums, 171, 
Reflection of the Atmosphere, causes the twilight, 177. 
Refraction of the Atmosphere bends the rays of light from 

straight lines, and keeps the Sun and Moon longer in sight 

than they would otherwise be, 178. - 

A surprising instance of this, 383. 

Must be allowed for in taking the altitudes of the celestial 

bodies, zLid. 
Retina, 167, note. 
Right Sphere, 131. 


S. 


Satellites, the times of their revolutions round their primary 
planets, 52, 73, 80. ; 
Their orbits compared with each other, with the orbits of 

the primary planets, and with the Sun’s circumference, 
271. 
What sort of curves they describe, 272. 

Saturn, with his ring and moons, their phenomena, 78, 79, 
§2. 

The Sun’s light 1000 times as strong to Saturn as the 
light of the full moon is to us, 85. 
‘The phenomena of his ring farther explained, 204. 

Our blessed Saviour; the darkness at his crucifixion super- 
natural, 352. 

The prophetic year of his crucifixion found to agree with 
an astronomical calculation, 395. 

Seasons, different, illustrated by an easy experiment, 200 ; 
by a figure, 202. 

Shadow, what, 312. 
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Sydereal Time, what; 221; the number of sydeteal-days in 
_ a year exceeds the number of solar days by one, and why, 
QIZs 
An easy nindhad for regulating docks and watches by it, 
223. 
Situ, (Rev. Dr.) his comparison between moon-light and 
day-light, 85. 

His demonstration that light decreases as the — of 
the distance from the luminous body increases, 460. 
--— (Mr. Gezorce), his dissertation on the progress of 

a solar eclipse ; following the tables at 320. 
Solar Astronomer, the judgment he might be supposed to 
make concerning the planets and stars, 135, 1306. 
Sphere, parallel, oblique, and right, 131. 
Its circles, 198. 
Spring and Neap Tides, 302... 
Stars, their vast distance from the Earth, 3, 196. 
Probably not all at the same distance, 4. ; 
Shine by their own light, aad are therefore suns, 73 pro- 
bably to other worlds, 8. : 
~ hat the stars are not illuminated by our, Sun, proved by 
the difference between their light and that of the pla- 
net, ITI; note. 
A proof that they do not move round, the Earth, 7id. 
Have an apparent slow motion round the poles of the 
ecliptic, and why, 251. 
AA catalogue of them, 362, 
Cloudy, 365. 
New, 36006. 
Some of them change their places,. 367. 
Starry Heavens have the same appearance from any part of 
the solar system, 132. 
Sun, appears bigger than the —_ and whe 4. ; 
' "Turns round his axis, 18.’ 
His proportional breadth as seen reset the different planets, 
87. 
Describes unequal ares baw and below the horizon at 
different times, and why, 130. | 
His centre the only place from which t= true motions of 
the planets, could be seen, 135. _, 
Is for half a year together visible at each pole in its turn, 
and. as long invisible, 200,5.U46 » 
Is nearer the Earth in winter than in. Summer, 205. 
Why his motion agrees so seldom. with the motion of a 
well regulated clock, 224-245. | | 
Would more than fill the Moon’s orbit, 271. 
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Su, proved to be “much bigger than the Earth, . and 
the Earth to be bigger than the Moon, 315. 
Systems, the Solar, 17-95 ; the Ptolemean, 90;, the 
“Tychonic, 973; the system of Longomantanus, 97. 
note. 


x 


Table of the periods, revolutions, magnitudes, distances, &c. 

of the planets, facing § 99. 

Of the air’s rarity, compression, and expansien, at 
different heights, 174. 

Of refractions, 182. 

For converting time into motion, and the reverse, 220. - 

For shewing how much of the celestial equator passes 
over the meridian in any part of a mean solar 
day ; and how much the stars accelerate upon the 
mean solar time for a month, 221. E 

Of the first part of the equation of time, 229;. 0 
the second part; ‘241. 

Of the precession of the equinoxes, 247. 

Of the length of Sydereal, Julian, and Tropical years, 
251. ir 

Of the Sun’s place and anamoly, 

Of the equation of natural days, following 251. 

Of the equation of time. : 

Of the conjunctions of ‘the hour and minute hand of 
a watch, 204. ~ . 

Of the curves described by the satellites, 272. 

Of the difference of time in’ the Moon’s rising and 
setting on the parallel of London every day during 
her course round the ecliptic, 277. 

Of the returns of a solar eclipse, 320. - 

Of eclipses, 327. | ) 

For calculating new and full moons ‘and eclipses 
following, 353. _ 

Of the constellations and number of the stars, 362. 

Of the Jewish, Egyptian, Arabic, and Grecian, months, 
370. | 


For inserting the golden numbers right in the ca- 


lendar, 380. - ‘ 
Of the times of all the new moons for 76. years, 
387. ; 


Of remarkable eras or events, 396. : 
Of the golden number, number of | direction, do-.- 
minical letter, and days of the months, following, 
390. | 
THALEs’s eclipse, 323. 
VOL. I. i 
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THucypIpEs’s eclipse, 324. 
Tides, their cause and phenomena, 295—311. 
Reason why there are no tides in lakes and smali 
seas, 310, ‘note. 
Aerial, probability of, 311, note. 
Tropics, 198. 
Twilight, none in the Moon, 254, 
Tychonic System absurd, 97.° 


) a 
Universe, the work of Almighty Power, 5, 161. 

Up and down, only relative terms, 122. 

Upper or under side of the Earth, no such thing, 123, 


V 


Velocity, projectile, necessary to make the planets de 
scribe an elipsis, a parabola, and a hyperbela, 152, _ 
note. 

Velocity of Light compared with the velocity of the 
Earth in its annual orbit,. 107. 

Venus, her bulk, distance, period, length of soe ie 
nights, 26. 

Shines not by her own light, ibid.. 

‘Times of her diurnal motion according to Cassini, Bian- 
chini, and Schroeter, ibid, note. 

Js our morning and eyening star, 28, 

Her twilight discovered by Schroeter, 28, note. 

Her Axis, how situated, 29. 

Ver sur prising i 29-43. 

The inclination of her orbit, 45. 

When she will be seen on the Sun, ibid, 

How it may probably be soon known if she has a 
satellite, 40. 

Her satellite, an optical deception, 46, note. 

Great altitude of her, mountains, idid, note. 

Appears in all the shapes of the Moon, 935 ldty 

An‘experiment to shew her phases and apparent mee 
tiony 141. 

/ aston, how caused, 107. 
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WwW 


WVeather, not hottest when the Sun is nearest to us, and 
why, 205. 

Weight, the cause of it, 122. 

World, not eternal, 104. 


Y 


Year, 370; great, 2513 tropical, 3713 sydereal, 372; 
lunar, 373 ; civil, 374; Bissextile, ibid. ; Roman, 376; 
Jewish, Egyptian, Arabic, and Grecian, 378, 370; how 
long it would be if the Sun moved round the Earth, 
11l. 


Zz 
Zodiac, what, 360. 


How divided by the ancients, 361. 
Zones, what, 109. 
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